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LETTER OF TRANSMITTAL 


War DEPARTMENT, 
Washington, July 21, 19438. 
The SpeaKEeR OF THE Houst or REPRESENTATIVES. 

My Dear Mr. Speaker: I am transmitting herewith a letter dated 
May 4, 1943, from the Chief of Engineers, United States Army, 
forwarding a report dated April 20, 1943, from the Ohio River Com- 
mittee, together with accompanying papers and illustrations, on the 
survey of the Ohio River and its tributaries authorized by section 5 
of the River and Harbor Act approved August 26, 1937, to ascertain 
what pollutive substances are being desposited, directly or indirectly, 
therein and the sources and extent of such deposits, and with a view 
to determining the most feasible method of correcting and eliminating 
the pollution of these streams. I concur in the findings and recom- 
mendations of the Chief of Engineers and the committee. 

The Under Secretary of War advises that the project as recom- 
mended is not essential to, nor of indicated value in the war effort 
and he points out that the mine-sealing program, if adopted, would 
require substantial amounts of critical materials, manpower, and con- 
struction equipment, without being a necessity to the prosecution of 
the war program. He further states that there is no objection to the 
submission of the report, but he does not approve of the submission 
of any estimate of appropriation for construction, or the initiation 
of any construction of this project until after the war. 

The Bureau of the Budget has been consulted and advises that, 
while there would be no objection to the presentation of the proposed 
report to the Congress, the submission during the present emergency 
of any estimate of appropriation for Federal participation in the pro- 
gram therein recommended would not be in accord with the program 
of the President, in the absence of further evidence of the need of 
undertaking any part of that program in conjunction with the war 
effort; and that no commitment is made at this time as to the rela- 
tionship with the program of the President of the proposed degree 
of Federal participation in the recommended pollution abatement 
program. 

Sincerely yours, 
Rosert P. Patrerson, 
Acting Secretary of War. 


vir 


~ era ce ee ~~ 
ara ee a 
“riz 
ee Rial a mp 


ey Ce a em Owe Pee Heo GY 
oe hiatal tar inp ee ee ie iy ts ar 


a ae {20 


ae = os Sah Ky 
lds he is eee AL PhS 


¥ a sre 50. aaa? fh 


Pies a Wide 
| jo. stamises-yasto - 
cb on jada dara il 

Of 4. : 


f 


REPORT UPON SURVEY OF THE OHIO RIVER AND 
ITS TRIBUTARIES FOR POLLUTION CONTROL 


‘ 


War DEPARTMENT, 
OFFICE OF THE CHIEF OF ENGINEERS, 
Washington, May 4, 1943. 
Subject: Ohio River pollution control. 
To: The Secretary of War. 


1. J am forwarding herewith for transmission to Congress the report 
of the Ohio River Committee with accompanying papers and illustra- 
tions on the survey of the Ohio River and its tributaries for pollution 
control, authorized by section 5 of the River and Harbor Act approved 
August 26, 1937. The report is in two parts, part I, the Ohio River 
Committee’s report, and part II, the Public Health Service’s report. 

2. In accordance with the request of the President, the Secretary 
of War and the Secretary of the Treasury joined in the appointment 
of a committee designated as the Ohio River Committee to conduct 
the survey. The members of this committee are Maj. Gen. Thomas 
M. Robins, Assistant Chief of Engineers; Mr. Ralph E. Tarbett, 
Sanitary Engineer Director, United States Public Health Service; 
and Dr. Abel Wolman, Consulting Engineer, Baltimore, Md. 

3. This survey is the most complete and comprehensive examination 
ever made into the sanitary conditions of a major river and its tribu- 
taries, draining an area highly developed commercially, industrially, 
and agriculturally. About 5 years were required to obtain and 
analyze the voluminous field data necessary for a sound study of the 
complicated problems involved, to consider the technical, financial, 
and other associated questions, and to develop a plan for remedial 
improvements. The Corps of Engineers and the Public Health Serv- 
ice were in full collaboration at all times on this comprehensive 
pollution report. 

4, After due consideration of this report, I concur in the recom- 
mendations of the Ohio River Committee. 

KE. REYBOLD, 
Major General, 
Chief of Engineers. 
I 
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REPORT UPON SURVEY OF THE OHIO RIVER AND ITS TRIBUTARIES 
FOR POLLUTION CONTROL 


Onto River Commirresr, 
Washington, D. C., April 20, 1943. 
Subject: Report upon survey of the Ohio River and its tributaries for 
pollution control. 


To: The Secretary of War. 
a: the Chief of Engineers, U. S. Army, Washington, 


I. SYLLABUS 


1. Practically all streams in the Ohio River Basin are polluted by 
domestic and industrial wastes, while some have severe corrosive 
characteristics imparted to them by acid mine drainage. The Ohio 
River proper is polluted to such an extent that 30 public sources of 
water supply serving about 1,660,000 people are endangered. The 
pollution of a number of the tributaries 1s as severe as, or even more 
severe than, the worst reaches on the main Ohio River, but the effect 
of such pollution on the tributaries is for the most part local and has 
little importance on the Ohio River proper. The findings indicate 
that sufficient control and abatement of pollution should be under- 
taken, at the earliest practicable date, to protect endangered sources 
of water supply both on the Ohio River proper and on the tributaries. 
A complete, well-balanced program, yielding maximum benefits attain- 
able at reasonable and justifiable costs, is presented with the recom- 
mendation that it be completed in 15 years. 

2. The principal obstacle to the abatement of pollution is the actual 

financing of the necessary facilities. Active support and participa- 
tion on the part of the States and the Federal Government are indi- 
cated and needed as a stimulus if any large and comprehensive program 
for the abatement of pollution is to be undertaken and properly com- 
pleted in the Ohio River Basin. A comprebensive program of research 
and education is also needed to discover new and more economical 
methods of waste treatment and recovery, and to inform the public 
of the necessity for the abatement of pollution. 

3. No definite action toward the enforcement of pollution abatement 
should be undertaken by the Federal Government unless all State 
and interstate action fails to secure the proper control. The tangible 
and intangible benefits accruing to the Federal Government in pro- 
tecting health and general welfare in the Ohio River Basin, as well as 
benefits accruing in the reduction of damage to commerce and naviga- 
tion and the general security obtained by the abatement of pollution, 
justifies Federal financial aid. This aid should be in the form of grants 
(say 35 percent of the construction cost of abatement projects) and 
loans to States, their political subdivisions, or municipalities. 

4. It is recommended: 

(a) That the proposed Ohio River Valley Water Sanitation Compact 
be modified and vitalized to provide an improved means for uniform 
and effective control of all pollution interestate in its effect, and that 
when this has been accomplished the United States Public Health 
Service be authorized to participate in an indicated construction pro- 
gram for abatement of pollution in the Ohio River Basin. 

(b) That the United States Public Health Service conduct a program 
of research and education. 
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(c) That the United States Bureau of Mines continue the program 
for sealing abandoned mines, and otherwise reducing acid pollution 
by mine drainage. 

5. While it is impracticable to formulate accurate estimates of the 
cost of individual features of the above program, it is believed that the 
total cost will be about $200,000,000, less than one-half of which would 
be a permanent charge against Federal funds. 

6. In addition to the foregoing specific remedial measures, consider- 
able benefit can be obtained by operating existing and future reservoirs 
so as to obtain the maximum low flow control for dilution of acid and 
organic pollution. 


Il. AurHoriry AND PREFACE 


7. Authority for report—The authority for this report is contained 
in the River and Harbor Act approved August 26, 1937; section 5 of 
which reads as follows: 

Src. 5. That the Secretary of War is hereby authorized and directed to cause 
a survey to be made of the Ohio River and its tributaries to ascertain what pollu- 
tive substances are being deposited, directly or indirectly, therein and the sources 
and extent of such deposits, and with a view to determining the most feasible 
method of correcting and eliminating the pollution of these streams. 

The survey herein authorized shall include comprehensive investigations and 
studies of the various problems relating to stream pollution and its prevention 
and abatement. In making these investigations and studies, and in the develop- 
ment and formulation of corrective plans, the Secretary of War may, with the 
approval of the Secretary of the Treasury, secure the cooperation and assistance 
of the Public Health Service, and may allot funds from the appropriation herein- 
after designated to pay for such cooperation and assistance. The survey shall 
be completed as soon as practicable after the passage of this Act, and the Secre- 
tary of War shall report the results thereof to the Congress, together with such 
recommendations for remedial legislation as he deems advisable. 

The cost of the survey, and such incidental expenses as may be necessary in 
connection therewith, shall be paid from appropriations heretofore or hereafter 
made for examinations, surveys, and contingencies of rivers and harbors. 


8. Formation of Ohio River Committee—Upon signing the above- 
mentioned river and harbor bill, the President asked the Secretary 
of War and the Secretary of the Treasury to join in the appointment 
of a committee of three to conduct the survey, the committee to 
consist of an. Army engineer, a representative of the Public Health 
Service, and a non-Government expert on stream-pollution problems. 
In response, the Secretary of War designated Brig. Gen. Max C. 
Tyler to represent the Corps of Engineers; the Secretary of the Treas- 
ury designated Senior Sanitary Engineer Ralph E. Tarbett to repre- 
sent the Public Health Service; and Dr. Abel Wolman, Consulting 
Engincer, Baltimore, Md., was chosen as the third member of the com- 
mittee, referred to herein as the “Ohio River Committee.” Maj. 
Gen. Thomas M. Robins later assumed committee membership in 
place of General Tyler upon assignment of the latter to duty as presi- 
dent of the Mississippi River Commission. : 

9. Conduct of survey by the United States Public Health Service and 
the Army Engineers.—The survey was conducted by the United States 
Public Health Service for and with the assistance of the Corps of 
Engineers, United States Army, under the general direction of the Ohio 
River Committee. The Public Health Service undertook all field 
Sanitary surveys and laboratory studies and developed a suggested plan 
of corrective measures. The Corps of Engineers made the necessary 

ydrometric surveys (river discharge and velocity measurements, 
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studies for augmenting low-water flows by reservoir releases, etc.). 
Both agencies were in constant collaboration throughout the study. 
The report of the United States Public Health Service on this survey; 
published as part II, forms the basis for the report by the Ohio River 
Committee. 

10. Scope-—This survey is the most complete and comprehensive 
examination ever made into the sanitary condition of a major river 
and its tributaries draining an area highly developed commercially, 
industrially, and agriculturally. About 4 years were required to 
obtain and analyze the voluminous field data necessary for a sound 
study of the complicated problems involved, to study the technical, 
financial, administrative, and other associated questions, and to 
develop the plan for remedial improvements recommended herein. 
The cost of the investigation was approximately $600,000. 

11. Acknowledgments —The Committee desires to acknowledge 
the full cooperation received from the Public Health Service and the 
Corps of Engineers. Other Federal agencies from which assistance 
was obtained on special phases of the work include the Fish and Wild- 
life Service, the United States Geological Survey, the Bureau of the 
Census, the United States Bureau of Mines, the Soil Conservation 
Service, and the National Resources Planning Board. The various 
State health departments within the Ohio River Basin rendered valu- 
able aid by making various data available, by providing office space 
to field personnel, and in numerous other ways. The Health and 
Safety Section of the Tennessee Valley Authority provided similar 
assistance. Municipal officials, water and sewage treatment plant 
operators, and industrial officials aided by furnishing data on plant 
operations and wastes-discharged. In numerous instances, munici- 
petites furnished facilities to the mobile laboratories without charge. 

he cities of Cincinnati and Louisville made available the results of 
consulting engineers’ studies of their waste-disposal problems. The 
assistance of various engineers in private practice, equipment manu- 
facturers, trade associations, universities, technical schools, and indi- 
viduals was also of great value. 

12. Arrangement of report.—This report has been divided into two 
parts; that is, part I, the report of the Ohio River Committee, and 
part IT, the report of the United States Public Health Service to the 
Ohio River Committee. For a summary of the content of each part, 
including lists of the tables appendixes, plates, maps, and charts 
therein, see the table of contents at the beginning of each. 


III. Prior Reports 


13. The extent of the Ohio River Basin and the pollution problems 
therein and the interest of sanitary engineers, public-health officials, 
and others, have resulted in numerous studies of stream pollution in the 
area. These studies generally have been applicable to restricted 
Selig and tributary streams only. They have not been listed 

erein, : 
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14. A report on prior investigations by the Public Health Service 
of pollution of the Ohio River is published under the title, “A Study of 
the Pollution and Natural Purification of the Ohio River,” as follows: 

(a) For asurvey during the period January 1, 1914, to December 31, 
1916: ; 

(1) I. The Plankton and Related Organizms, by W. C. Purdy (Public Health 
Bulletin No. 131, December 1922). 

(2) II. Report of Surveys and Laboratory Studies, by Frost, Hoskins, Tarbett, 
and Streeter (Public Health Bulletin No. 148, July 1924). 

(3) III. Factors Concerned in the Phenomena of Oxidation and Reaeration, by 
E. B. Phelps (Public Health Bulletin No. 146, February 1925). 


(6) For a survey during the period November 1929 to May 1931: 


(1) IV. A Resurvey of the Ohio River Between Cincinnati, Ohio, and Louis- 
ville, Ky., including a Discussion of the Effects of Canalization and Changes in 
Sanitary Conditions Since 1914-16, by H. R. Crohurst (Public Health Bulletin 
No. 204, May 1933). 


IV. Description oF Onto River BASIN 


15. Geography.—The Ohio River is formed by the confluence of the 
Allegheny and Monongahela Rivers at Pittsburgh, Pa. It flows 981 
river-miles in a generally southwesterly direction and joins the Misis- 
sippi River at Cairo, Ill. The river bounds Ohio, Indiana, and Illinois 
(right bank); and West Virginia and Kentucky (left bank). Major 
tributaries, in addition to the Allegheny and Monongahela Rivers, 
are the Beaver, Muskingum, Hocking, Scioto, Little Miami, Miami, and 
Wabash Rivers (right bank); and the Little Kanawha, Kanawha, 
Guyandot, Big Sandy, Licking, Kentucky, Salt, Green, Cumberland, 
and Tennessee Rivers (left bank). Plate 1 is a general map of the 
Ohio River Basin. 

16. The river drains an area of 203,900 square miles, which is second 
in size among the six major divisions of the Mississippi River water- 
shed. Only the Missouri River Basin is larger. The longer axis of 
the basin extends from northeastern Mississippi to southwestern New 
York (800 miles), and the shorter axis from northern Georgia to 
northern Indiana (500 miles). The valley comprises 16 percent of the 
area of the Mississippi River Basin, almost 7 percent of the area of the 
United States, and portions of 14 States, namely: Alabama, Georgia, 
Illinois, Indiana, Kentucky, Maryland, Mississippi, New York, North 
Carolina, Ohio, Pennsylvania, Tennessee, Virginia, and West Virginia. 
Table 1 indicates the division of area by States and subbasins. 
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17. Topography.—The Ohio River Basin lies in 4 major physio- 
graphic divisions, namely: The valley and ridge province, which bor- 
ders the watershed on the east and is mountainous; the Appalachian 
Plateau, which lies to the west of the valley and ridge province; the 
interior low plateau, which lies south of the Ohio River and westrof the 
Appalachian Plateau; and the central lowland, which includes virtu- 
ally all of the basin north and west of the Ohio River below Ports- 
mouth, Ohio, and which is a nearly level to undulating glaciated plain. 
The topography of the basin is diversified and is graduated between the 
mountains of the east and the low plateaus of the west. 

18. Geology.—Broadly speaking, the Ohio River Basin is a region 
of but slightly disturbed Paleozoic sedimentary rocks that range in 
age from Cambrian to Permian. On the basis of general lithology 
and economic importance they are subject to two broad divisions: 
(1) The coal measures and, (2) a great series of calcareous sediments 
that extend from the base of the coal measures down through the 
Cambrian. The coal measures form the broad Appalachian plateaus 
of the eastern third of the basin in Pennsylvania, West Virginia, 
eastern Ohio, eastern Kentucky, eastern Tennessee, and northeastern 
Alabama and underlie the central lowlands of western Indiana, 
western Kentucky, and eastern Illinois. They consist of a great 
series of sandstones and shales containing many important coal beds. 
The calcareous rocks underlie a broad belt extending through the 
central portion of the basin in central Tennessee, central Kentucky, 
western Ohio, and eastern Indiana, where they have been brought 
above drainage by erosion on the crest of the Cincinnati anticline. 
The dominant rocks of this area are limestones and calcareous shales. 
The northern and western portions of the basin including nearly all 
of the drainage area on the north side of the Ohio River, below 
Portsmouth, Ohio, have been glaciated. In this area, bedrock is 
generally buried beneath thick deposits of glacial drift and many 
profound changes in the old preglacial drainage have taken place. 

19. Climate-—The climate of the basin is temperate, and favors 
agriculture. Mean temperatures vary from 50° F. on the northern 
boundary to 60° F. on the southern boundary. Daily temperatures 
range from about —30° F. to over 100° F. The following tabulation 
shows mean air temperatures at several localities in the basin: 


Mean air temperature, °F. 


uo] 
: oot 
cs) & be a 
Location S bs 4 . r= be 2 r) © 
mn a 2 § = 4 oO 3 oO S| 3 
1 E(Sielelal a /a] ele e112) 2 
pera 2) Sree Be ah at So head oe 
Pittsburgh baie MATS Se ie ot 67| 30.7} 32.3] 39.6} 51.2) 62.4) 70.7| 74.6] 72.9) 66.4) 55.7) 43.2) 34.2) 51.8 
Huntington a SL Aloe ale 45| 34.0) 34.7] 45.0] 54.6] 64.7) 72.9] 76.6] 74.8) 69.0) 56.4) 44.3) 35.6) 55,2 
INGINNALL Ae tcc sb 71| 30.3] 32.8] 40.9] 52.4) 63.1] 71.2) 75.1! 73.6) 67.1] 55.7) 42.5} 33.4) 53.1 
RU WING on 69| 34.4] 37.2] 45.4] 56.4] 66.6) 74.7] 78.6] 77.0] 70.5) 59.3] 46.7) 37.6) 57.0 
Pibshdlig: aca hela ta 71| 38.6] 41.6] 49.2] 59.0) 68.2] 75.6] 79.1] 77.8] 71.8} 61.0} 49.0} 41.0) 59.3 


20. Hydrology —The mean annual precipitation in the valley varies 
from 51 inches in the extreme southwestern portion to 43 inches in 
the extreme northeastern portion, and from 60 inches in the extreme 
Southeastern portion to 37 inches in the extreme northwestern portion. 

torms have occurred with a precipitation of 6.5 inches in 48 hours, 
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over an area as large as 37,000 square miles. On the other hand, 
minimum monthly rainfalls of as low as 1.7 inches have persisted 
for 6 months at a time over a considerable portion of the basin. In 
general, rainfall and run-off are high in the late winter and in the 
spring, and are low in the summer. 

21. The following tabulation shows flow data for several Ohio 
River stations for the period 1930 to 1941, inclusive: 


Item abe , | Louisville! | Paducah ! 
Minimum monthly average flow_.......------..---.-.---------------- 1,300 4, 400 23, 
Median of minimum monthly average flows. --_....-.----------------- 4, 900 14, 800 42, 400 
Mean of minimum monthly average flows : 4, 900 . 47, 100 
BPI LO Wee oe oink — cig ohh pense aise = 32h e- er -| 557,000 | 1,110,000 | 2 1,850, 000 
Median of maximum monthly average flows_-__......----------------- 71, 000 , 

’ Mean of maximum monthly average flows__.._......----------------- 83, 700 316, 800 669, 700 
iModian-of monthly average Hows... .....-.-2.4.22.-2.-.---scb---.--us- 20, 000 67, 800 147, 000 
Wenmmew s2 222-0 13 71) Peli. Bo Ad... 20. Dee. 28, 000 j 231, 400 
Difference between stage of extreme high and extreme low water, feet_ 3 37.6 4 50. 5 53.1 
Ratio of maximum flow to minimum monthly average flow----.------- 428 :1 26221 80:1 


1 Cubic feet per second. : 

2 Includes 70,000 cubic feet per second flow in Bay Creek-Cache River back channel. 
3 Minimum stage measured Vai to raising of Emsworth Dam during years 1935-38. 
4 Upper pool. Low stages affected by dam No. 41. i 

5 Low stages affected by dam No. 52. 


22. Population —The population of the basin approximates 
18,816,000 and comprises over 14 percent of that of the United States. 
Population densities are as follows: 


Persons per square mile 


Entire basin - - --- SUPRG SAO BOERS SIOZ FOE U0 Ili 92 
Ares above! Wheeling; Wi Ve. otscut ists. tee god, ase cionh, 190 
ade below WUCGHRE AW. Vithc ici eid emery pot acolo oh 80 


Almost half of the population is urban, and urban development in- 
cludes metropolitan centers such as Pittsburgh, Cincinnati, and 
Louisville. 

23. Basin populations are shown in the following tabulation for the 
period 1890 to 1940, inclusive: 


Population 
Rural Urban Total 
Year 
Percent Percent Percent 
increase increase increase 
Number over pre-| Number | over pre-| Number | over pre- 
in ceding ceding 
perio period period 
BOND! lon pace Seplin Ae Ih ieee $, BOGS OUD V5 2 Se 2, 723,000 |_________. 11;020/000uh=. = 
SOR RY Re eRe ee rere 8, 994, 000 8 | 3,761, 000 38 12, 755, 000 16 
BIO a0 bells on tel aa os cop She 9, 272, 000 3 | 5,110, 000 36 14, 382, 000 13 
190) fe erie es eae to eee caeee 9, 429, 000 2 | 6,469, 000 27 15, 898, 000 ll 
HOO Set 352 2h - ve oes wos 2a nee 9, 681, 000 3 | 7,852, 000 21 17, 533, 000 10 
i202 eat TaN em “gee ese 10, 602, 000 10 | 8, 214, 000 5 18, 816, 000 7 


Table 2 indicates the distribution of population by States and sub- 
basins. 
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24. Industry.—Portions of the Ohio River basin are highly indus- 
trialized, and agriculture, mining, and manufacturing are extensive. 
Principal natural and manufactured products include coal; limestone; 
sandstone; gravel; natural gasoline; petroleum; natural gas; salt; ores 
of iron, zinc, aluminum, and manganese; products of iron and steel 
plants, rolling mills, blast furnaces, foundries, and machine shops; 
motor vehicles, parts, and accessories; rubber goods; railroad equip- 
ment; electrical machinery; knit goods; furniture; electric power; 
lumber; cement; chemicals; farm products; and others of value. 

25. River uses.—The streams of the Ohio River system are exten- 
sively used for many purposes, including the following: 

(a) Public water supply. 

(b) Industrial water supply. 

(c) Agricultural water supply. 

(d) Waste disposal. 

(e) Support of plant and animal life. 

(f) Recreation. 

(g) Navigation. 

(h) Hydroelectric power production. 


V. Survey (CHARACTER AND Extent) 


26. The conduct of the survey was divided into four main sections, 
as follows: 

(a) Field surveys, in which the source, type, volume, and strength 
of pollutants were determined, and by means of which information 
concerning present water usage, waste-disposal methods, and similar 
data were obtained. : 

(6) Laboratory surveys, in which various physical, chemical, 
biological, and sanitary characteristics of the involved streams were 
determined and were related to pollution sources and variations in 
season and stream flow. 

(c) Hydrometric surveys, in which determinations of discharge 
volumes and stream velocities were made for correlation with field 
and laboratory results. | 

(d) Reservoir and reservoir site surveys, to determine water storage 
which may be made available for increasing low-water flows in order: 
to further dilute polluting substances. 

27. Field surveys ——Data on the source, type, volume, and strength 
of pollutants were obtained by 11 field stations maintained in the. 
offices of State health departments, and the Tennessee Valley Au- 
thority. Sanitary surveys were made of some 3,700 municipalities 
and 1,800 industrial establishments. A twelfth field unit was assigned 
to the study of acid mine drainage problems. 

28. Studies of specific industrial waste problems were made in 
cooperation with the cities of Cincinnati and Louisville, the State of 
West Virginia, and the Tennessee Valley Authority. 

29. Correlated work included the preparation of industrial waste 
guides which outline industrial processes, quantities and strengths of 
industrial wastes, and waste treatment and recovery practices and 
their effectiveness; studies of pollution abatement legislation and 
administration; studies of the cost of construction and operation of 
waste treatment plants; and other investigations. 

30. Laboratory studies —The major accomplishment of the labora- 
tory studies was the determination of the physical, bacterial, and. 
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chemical characteristics of water samples collected from some 2,000 
stream stations in the Ohio River Basin. More than 71,000 water 
samples were examined. 

31. A base laboratory was located at Cincinnati, Ohio, and field 
laboratories included the quarterboat Kiski and six mobile laborato- 
ries in automobile trailers. t 

32. Analytical practice conformed to the latest standard methods 
of the American Public Health Association and the American Water 
Works Association. Technique in the base and field laboratories 
was carefully standardized. Table 3 outlines the routine laboratory 
examinations made, and indicates their significance. 


TaBLE 3.—Significance of various physical, chemical, and bacteriological tests used 
in Ohio River pollution survey 


Test | Explanation 


ee 


PHYSICAL AND CHEMICAL TESTS 


‘Temperatare..--- .-2-2-- Governs the solubility of oxygen and influences rates of purification. 

Turhidity.23.25 Bas) << An index of the density of silt or other suspended matter carried by the stream 

0) = PERS teh ie eB Or Byarocen ten concentration, indicates the relative acidity or alkalinity of 
a water. 

edb CUE ee ee Represents the content of carbonates, bicarbonates, hydroxides, and occasion- 


4 ally borates, silicates, and phosphates. 

Total and volatile sus- | Represents the concentration of suspended matter, in terms of dry solids, and 
preced matter.! is a rough index of the organic waste material present. - 
Dissolved oxygen........| Essential to natural purification of streams and the maintenance of aquatic 

life, is drawn upon to support biochemical oxidation of organic waste and is 
replaced by absorption from the atmosphere and the photosynthetic action 
of some water plants including algae. A deficiency in dissolved oxygen 
below the saturation level indicates the presence of polluting organic sub- 
stances which are absorbing oxygen from the stream water. The degree of 
this deficiency is a measure of the deoxygenating effect of the polluting matter 
; : and hence an index of the degree of pollution in a particular stream zone. 
5-day biochemical oxy- | Indicates the amount of dissolved oxygen which may be expected to be absorbed 
gen demand at 20° C. from the stream water in 5 days at 20° C. to support the biochemical oxidation 
(B. O. D.). of the organic pollution carried by the stream at the point of sampling. 


. BACTERIOLOGICAL TESTS 


Total count on agar in 24 | Considered in conjunction with the coliform bacteria the plate count is of value 
hours at 37° C.1 eat That indication of pollution and as a rough measure of natural stream 

purification. 

Coliform bacteria (deter- | Expressed as ‘‘most probable number” (M. P. N.). This test is the most 
mined by standard fer- delicate and specifie test for pollution by sewage as it shows the approximate 
mentation tube test at density of a group of bacteria which are always present in large numbers 
37° C.). sewage and are relatively few in number in other stream pollutants. Coli- 

form bacteria are normal inhabitants of the intestines of warm-blooded 
animals and are discharged in large numbers in human feces, which constitute 
; ; the principal source of these bacteria in sewage. 

Coliform bacteria (deter- | Utilizes the plate count method, rather than the fermentation tube method, 
mined by direct plate | for the determination of coliform bacteria using a culture medium selective 
count on brilliant green for this type of organism. 
lactose bile at 37° C.). 


1 Discontinued as a routine test at the end of 1939. 


33. In general, sampling stations were chosen above and below 

on sources, in order to measure effects at individual localities. 

s frequently, sampling stations were located at several points, pro- 

8ressively distant from upstream pollution. Because of this, polluted 

Samples generally were indicative of water quality at the head of 

Polluted reaches which is usually poorer than the average quality of 
€ reaches. 

34. In addition to the routine stream sampling program, a number 
of special investigations were made, including a study of water quality 
Tequirements for various uses; an epidemiological study of the occur- 
Tence of intestinal diseases suspected of being water borne; biological 
Studies of the effect of pollution on plankton and higher forms of © 
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aquatic life; a controlled study to determine the effects of mine sealing 
on stream quality; taste and odor studies; and others. 

35. Hydrometric survéys.—Collection and analysis of hydrometric 
data were essential to permit interpretation of field and laboratory 
studies. Determination, of stream velocities, discharge volumes, and 
minimum-flow conditions were required to establish a quantitative 
measure of the pollution of streams involved, as well as to establish 
practical limits of waste carrying and self-purification capacity. 
These data were developed by field observations concurrent with 
water sampling operations, establishment of key observation stations 
on major streams, utilization of existing stream measurement facilities, 
and examination of the literature on the subject, with particular refer- 
ence to low-flow conditions. 

36. Reservoir and reservoir-site surveys.—All existing reservoirs were 
examined to determine whether they provide or can be modified to 
provide sufficient storage for inereasing low-water flows for dilution of 
polluted water. Plans for proposed reservoirs were also examined to 
determine the advisability of including therein provisions for increas- 
ing such low-water flows. Attendant investigations revealed that 
reservoirs, for the sole purpose of increasing low-water flows for the 
dilution of pollution, are not warranted. 

37. Interpretation of survey results.—Stream conditions are reported 
as found at the time of actual physical survey and sampling. The 
period of time devoted to the study of the specific locations was neces- 
sarily limited so that the results of the survey seldom indicate the 
true sanitary condition of the streams under the most adverse condi- 
tion. For example, the survey indicated very satisfactory and desir- 
able stream conditions in the Kanawha River at its junction with the 
Ohio River. Here the effects of pollution from the Charleston, W. Va., 
area appear negligible. However, it is known that in 1930 rains follow- 
ing a drought in the Kanawha Basin washed sludge from the river 
bottom into the Ohio River. This apparently resulted in spreading 
a disease, originating in Charleston, W. Va., and known as gastro- 
enteritis, far down the Ohio River. It should be kept in mind, 
therefore, that in interpreting the facts as presented, reservations 
should be made because extremely adverse conditions which occur 
infrequently could not be included in the report. 


VI. Existinc ConpDITIONS AND DAMAGES 
A. SOURCES OF POLLUTION 


38. Nature of pollutants —Wastes from sewered communities, in- 
dustrial wastes of primarily local significance, and industrial wastes, 
including acid mine drainage, having a widespread effect, were 
determined to be the important pollutants being discharged to the 
streams of the Ohio River Basin. 

39. The polluting strengths of these wastes, despite all corrective 
efforts to date, are as follows: 

Sewered domestic wastes (population equivalent based on biochemical 
Oeywer GeminnG purrs we eee Se se Soe seee 2! ea 6, 396, 400 


Industrial wastes (population equivalent based on biochemical oxy- 
gen demand). tbs. iene lniwetiiens (e's eee bes ~bob => 9, 071, 700 


Total organic wastes (population equivalent based on bio- 
chemical oxygen demand) i. ff) Siecle oll ke 15, 468, 100 
Acid wastes (as tons per year of calcium carbonate) -...---------- 1, 864, 800 
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40. In this report the polluting strengths of organic industrial 
wastes and domestic treatment plant residuals are expressed in 
terms of population equivalent, obtained by comparing the bio- 
chemical oxygen demand of the wastes with the unit biochemical 
oxygen demand of untreated human sewage, which, as shown by 
extensive observation of 5-day biochemical oxygen demand at 20° C., 
averages 0.168 pound of oxygen per capita per day. 

41. Domestic wastes—The total population of the basin was 
18,816,000 in 1940. Of this number, 8,214,100 were urban dwellers 
in 529 incorporated communities having 2,500 or more inhabitants. 
Domestic wastes from 8,561,200 persons in sewered areas, largely 
urban, have caused objectionable concentrations in excess of the 
waste assimilating capacities of the waterways. There are 1,681 
domestic waste sources where 100 or more persons are sewered. The 
communities in the latter group are distributed as follows: 


Sewered communities with 100 or more persons connected to sewers 


Basin oor Basin os 

Allegheny River: -_- 3c. cee ek cs 16¢°})" Miami “Rivers. 2. 1 Bi sek te 60 

ononganela: Bivér.. 02212-62552 coo 172: 1 entoucky Biverié 02. steno seek cie 25 
MPS VOS IWAt i hy eg toe Oe a UU Lh SS al 0 A ene Sty Be one Same Ss 15 
Muskingum River-_.......-.....--.------- TO OQPOONe RANGES oh rene swesccewbaneccde 26 
Little Kanawha River--_.-..-2.-.--s2--2- Mii} Wendel Miver: } 2. 2 eel BS 268 
Hocking River 2.2 = bo | eo eee 19 || Cumberland River_.....-.-._-..--..2..-1- 55 
Weangwind MLVer. santos wcuoe skal cae 116 4}: ‘Tennessee Riveri.. cde cet ccscieceu ute 172 
Guyandot:River:i:% -c-s eae ae oe-4 Minor, tributaries: —525- <5 st ends 114 
Bighanny Hiver..c isi ata .o 02 ooo n cone 69 || Ohio River direct... 24... cl see 136 
EOS FIG Bee FIGS | SES eis i 52 
Little Miami River_........-.------------ 22 Total so cadeswcedcesut ceupuscducaaut 1, 681 
Licking Rivers¢.0075-6.1 Sak aaas 15 


The population now served by water supplies but not sewered is 
1,805,400. Any increase in domestic sewage loadings from this source 
will occur mainly in communities of from 250 to 2,500 inhabitants, of 
which there are over 1,600 in the basin. 

42. Human and animal wastes originating in rural areas are of com- 
paratively minor significance because they are well distributed and 
usually not deposited directly into streams. 

43. Sewage treatment facilities at 464 locations serve 2,913,300 per- 
Sons and are estimated to reduce the population equivalent of all 
Sewered domestic wastes from 8,561,200 persons to 6,396,400. About 
$70,190,000 have been expended on sewage treatment plants, includ- 
Ing the cost of interceptor sewer construction. Plants generally have 
been built at communities on smaller streams where raw sewage dump- 
ing constitutes a major local nuisance. On the Ohio River and its 
arger tributaries sewage treatment plants are notably lacking appar- 
ently due to financial and administrative difficulties as well as to the 
act that large natural stream flows sweep the wastes downstream, 

hereby preventing a grossly objectionable local nuisance. Communi- 
ties which suffer because of upstream neighbors cannot, of course, 
Solve their own problems completely. ; 

44. Pertinent data with respect to domestic waste loadings are 

Summarized in table 4. 
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45. Industrial wastes —Industrial wastes may have local or wide 
effects on streams, depending upon the nature of the waste and the 
amount of dilution available. Many streams are seriously and ex- 
tensively damaged by industrial pollution. Acid wastes from coal 
mines and metallurgical industries are of importance over a con- 
siderable water distance, as are some wastes such as phenols, which 
produce tastes in water supplies. 

46. The aggregate organic waste load discharged from industrial 
establishments has a human population equivalent of 9,974,300, despite 
corrective measures now applied by some industries. Ninety percent 
of this load, from 1,604 significant sources, is discharged directly to 
streams. The remainder receives treatment in domestic sewage treat- 
ment plants. The total residual population equivalent of all industrial 
wastes, as now discharged to streams, is estimated to be 9,071,700. 

47. Much of the industrial wastes served by municipal treatment 
and over 30 percent of those not served are from food processing and 
allicd industries. In general, these are well distributed throughout 
the area, although a majority of the cannery wastes is discharged in 
the Wabash River Basin, and a majority of the distillery wastes is 
discharged in the Kentucky and Salt River Basins and in the Louis- 
ville area on the Ohio River. The rapidly expanding chemical in- 
dustry contributes 21 percent of the industrial waste population 
equivalent not served by municipal treatment. This is largely in the 

anawha and Tennessee River Basins. An increase in the quantity 
and extent of wastes of this type may be expected. Paper and straw- 
board plants contribute over 15 percent of the industrial waste popu- 
lation equivalent, the largest sources of these wastes being located in 
the Allegheny, Wabash, and Tennessee River Basins. The effects of 
this pollutant should be lessened as improved treatment methods are 
developed. 

48. Pertinent data with respect to industrial waste loadings are 
sumroarized in table 5. 
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49. Acid wastes——Acid coal-mine drainage is an inorganic industrial 
waste common to all portions of the Ohio River Basin which lie within 
the bituminous coal fields. It seriously damages streams ranging 
from small runs to major tributaries. Acid wastes of lesser impor- 
tance originate primarily in spent pickle liquor discharged by the 
metallurgical industries. The total acid load discharged to streams, 
despite corrective efforts to date, is 1,864,800 tons per year (calcium 
carbonate equivalent). Ninety-eight percent is from coal mines. 
The heaviest concentrations of acid wastes are in the Monongahela 
and lower Allegheny River Basins. Acid loads have increased in 
proportion to the cumulative tonnage of coal mined, and severe 
stream pollution by mine drainage is a comparatively recent problem. 
Continued coal production will result in increasingly large acid loads. 
Since less than 5 percent of the coal resources of the Ohio River 
Basin has been mined, acid pollution may continue to become more 
severe indefinitely, unless corrective steps are taken. 

50. Pertinent data with respect to acid waste loadings are sum- 
marized in table 6. 


Taste 6.—Distribution of acid wastes by States and subbasins—Ohio River Basin 


Mine acid load—tons per year (CaCO; equivalent) | Pickle | Total 
cee ts SEL Soe ot ee ar ee ee On resi- 


free dual 
Drain- Prior to sealing program Re- acid acid 
age (by status of mines) moved load, load, 
Basin and State BI et ee Nd weeetg— bc: SONS tons 
(square mine ual per per 
rules) Margi-| Ab Sma | load (Gac0s | (Caco 
argi- an- ng aCO3 aCO3 
Active | nal | doned | Total | py equiva- | equiva- 
1940 lent) lent) 
[ ————————EEE ee Sa | | ES | | TT 
Allegheny River_-_--.--- 11, 730} 250, 353) 30.565) 124,232) 405,150) 29,704) 375, 446 3,375} 378, 821 
onongahela River___--- 7, 380] 580,009) 64,673} 275,974} 920, 656/274, 642) 646, 014 7,125} 653, 139 
Beaver River-_.....-.---- 3, 145 5, 480 988 10.920} 17,388) 2, 280 15, 108 8,000} 23, 108 
luskingum River !_....| 8,040} 37,700] 14,600) 163,500) 215, 800) 91,400) 124, 400 1,375) 125,775 
Little Kanawha River__.| 2, 320 323 2 493 818] 470 EY eet ee 348 
Hocking River_.......--- 1,185) = (?) () (}) () () (‘) (4) (1) 
anawha River.-......- 12; 9, 210 995} 22,650) 32,855] 13, 750 S908) 2 coats 19, 105 
Guyandot River__...._-- 1,670) 15,680] 614] 3, 890) «20, 184] 9,320} 10, 864]__--_- 0, 864 
lg Sandy River____.---- 4,280! 16,236) 8,997; 35,699) 60,932] 14,738)  46,194/....___.. 46, 194 
Cioto River {524-scs. 6, 510 4,900} 2,400) 16,800) 24,100) 6,230) 17,870/.....-..- 17, 870 
ittle Miami River..-_-_- BOB) aot ae ce Gl haw enpe| Sinan dans bones Seen gO aa ee ee 
icking River_._......-- U1 Be Pape RO ASE Da tae oe Cee) Mae Pred (2) or we 2 
Meat VOTs <2 ak 1 Sp | fi Plage RS Se Sp Pena Sata eee ee NF oe 6, 875 6, 875 
€ntucky River_._.-._-. 6,940; 10,900} 3,200} 27,800} 41,900) 11,433} 30, 467/.....___- 30, 467 
iPmiver <= os DBO0| sic ah ae. (So te re ee 7 ea ee el 
men River... 3h: cae 9, 220 26, 500} 7, 900 42, 100 76, 500} 15, 115 61, S85} iso 61, 385 
Cc abash River: ...-...-.. 33, 100 26; 777 3, 174 79,631} 109, 582| 47,040 62, 542 250 62, 792 
umberland River. --._- 18, 000 53, 610) 13,045) 198,115} 264.770) 68,862} 195, 908)......__- 195, 908 
ennessee Rivets 4: 40, 600 4,960} 1,145] 32,063} 38,168) 16,200) 21, 9A8}___.._.._- 21, 968 
ina: (HiGassiNed) <- Als. so aca Set lake eno eee 18, 750|-..-..- 18; 700|5 sores 18, 750 


lo River (minor tribu- 
ries and direct drain- 
BEG) re eee ON 8 23,780} 67,093) 24,152} 139,180) 230,430] 53,966) 176,464) 15,000] 191,464 


OUI The ko tes 203, 900) 1,109,731)176, 450 1, 173, 052 2, 477, 983 655, 150 1, 822, 833} 42, aoe 864, 833 


es s| 


 —— ——— 


+ yalues for Hocking River included in Muskingum River values. 
ight, : 
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TaBLe 6.—Distribution of acid wastes by States and subbasins—Ohio River 
Basin—Continued 


Mine acid load—tons per year (CaCO; equivalent) | Pickle | Total 
ee Se pee eo ee eee ot Tiger ar 


free 

Drain- Prior to sealing program Re- acid acid 

age (by status of mines) moved load, load, 

Basin and State area by | Resiq- | tons tons 

(square mine 8 per per 

ae Margi-| Ab sme | 18d | dss! (asco 
F argi- an- g (CaCOz aCO3 
Active |" nat | doned | Total | by equiva- | equiva- 

1940 lent) lent) 
2 UT). Se Eine MG | HE) SIO STE (en eey RET Ne SO - Fe A es SE Imac IDE pe a 
WOOT Riss Soto cee ok EA? 400] Fo hee MERE hE PPR IS Seen tee Se se Sk ae ee ees 
Winona t -t:2cce. aewrank 356)|- 1, 804 411 2, 571 214 Oe a ae 7 
Indiana... - 2... 29,775| 3,238) 89,644) 122,637] 53,100} 69, 587 375} 69, 912 
Kentucky : 31, 700} 180,000) 300, 500} 236, 100 1,125] 237, 225 
Maryland cd 53. 847 1, 461 342 pT ee eae 1,119 
Mississippi S2s222-3.2 4 BOBO 2 LOUIS eS Ee DE cede aS E2d IR ee ee 
New Yorks ...=--2.cesscce ORS bata. tee sent ol occ-bos |eseos. cad Seeee| otue, Deatde be ces | aes 
North Carolina-._._.....-. TR) pale Beare sac pape sein Peete vc aie ate ce ioe = ay gt | Le Caen creer Seechenmell banedatat 
Ohietl=: AT 2g 29, 570| 65, 000} 25,000} 270,000) 360, 000/123, 590} 286,410); 19,500) 255,910 
Pennsylvania.........-.. 15, 620] 521, 513} 90,003) 277,833) 889,349] 91,804] 797,545] 15,000) 812, 545 
‘Tennessee----.-.....---- 83, 645] 25,170! 5,190) 160,478) 190,838) 59,800} 131, 038)...-.---. 131, 038 
Virginia:(unclassified)=~ <|". 7,176). .2.-4-.|uoc.es|s..-5-228 18; .760}ot 8 TS. y00}si2—.< 18, 750 
West Virginia_.....-....- 20,610) 378, 502| 19,436} 193,839) 591, 777/261, 800) 329, 977 6,000} 335, 977 


B. EFFECTS OF POLLUTION 


51. Stream sanitary standards.—Physical, chemical, and bacterio- 
logical considerations establish the relative desirability of waters for 
ie uses. Table 7 summarizes the relationships between these 
actors. 
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52. In view of the variety, distribution, and extent of surface water 
uses, it is undesirable to establish rigid stream quality standards for 
general application in the Ohio River Basin, and the data in table 7 
are not to be applied in that manner. The public interest can be 
served only by adapting standards to conditions existing in individual 
stream reaches, and by giving consideration to the most valuable 
stream use. However, a comparison between the observed quality of 
streams of the Ohio River Basin and the standards of table 7 affords a 
qualitative measure of the intensity of stream pollution throughout the 
basin. 

53. Extent of pollution.—In terms of the highest of the water quality 
standards of table 7, stream pollution of severe intensity exists at 
points in all major tributary basins, in minor tributary basins, and on 
the main Ohio River. Table 8 summarizes the worst stream conditions 
found at more than 2,000 sampling stations in the Ohio River Basin, 
as indicated by monthly average coliform bacteria and biochemical 
oxygen-demand observations. 

Plates 2 to 49 graphically indicate sources of pollution and dissolved 
oxygen and coliform bacteria results for the main Ohio River and all 
major and minor tributaries. Plates 15 and 19 also indicate the hy- 
drogen ion concentration of streams of the Allegheny and Monongahela 
River Basins. 


Taste 8.—Number and percentage of sampling stations showing worst monthly 
average coliform bacteria and biochemical oxygen demand results in designated 
ranges, Ohio River Basin 


Number of stations Percentage of stations 
Y Biochemical F Biochemical 
p09, Galverm st | oxygen demand | Coliform or | oxygen demand 
as * in parts per ae n parts per 
milliter million milliter million 


51- |Over 3.1- | Over! o_ 51- |Over 3.1- |Over 
50} 500 | 200 | &3 | 5.0 | 5 | 95) 200 | 200 | 93 | ‘50 | 5 


—_— (~—— | | | | | | | 
| |] ee 


Allegheny River: ‘ 

menntreatie $i 2 Ses, 73 4 2 59 | 16 4] 92 5 3} 751 20 5 

Normal streams._-._...-.-.------ 91} 30} 38; 121) 15] 23) 57] 19] 24). 76 9 15 
Petes AG, LIE 164 | 34] 40/ 180] 31] 27| 69] 14] 17| 76 13| 41 

Monongahela River: é Z 
cid streams.i_..v._.2b222.-422-2 48 7| 10 45 2) 18) 74} 11] 15} 69 3 28 

Normal streams._..........------ 29] 20} 44 70 Gill, Woe sk 47 | 75 1 18 

Pte pt Bok A Sak ee) 77 | 27) 64) 116 8}. 35| 49|.17| 34] 7 5 22 
Mus m River: 

WCIGIBUROAIDG {40 8d doe ois 2 5} 0 0| 40; 40} 20/100] 0O 0 
Ormial streams_................. 33 | 33 | 42 86 9} 13} 31) 31] 38} 80 8 12 
pelts APAG Ott JQ! a5| 35| 43| 91| 9| 13| 31| s1| 38| 80] 8| 12 

Hocking River: ibd Poketr ort! writs, by ecliatis elas aie © 

Acid straams 1 4iLG8 LOA 5 1 3 4 3 2/ 66] 11] 33] 45] 33 22 
pianal streams. 3.3233 cec. ie 6 3 9 6 3 Oh (83 b> LZ 601-283 agg 50 
Wetec on bavlkceii. u| 4{| 12] 10} 6} 1) 41] 15] 44] 37| 22! 41 

Kanawha River: IS |e pOo| Spon oboe? PF amit. 

AGIA Rtreeris 0.2. th. a 6 1 1 6 1 Dah 22) de 7B. | HS 13 
ormal streams_...............-- 74 26 42 106 16 20 52 18 | 30 75 11 14 
ee Sea habay cre Pee so| 27| 43} 112] 17| 21| 63| 18| 28| 75| | 44 

;——_-—_} }_—_____—_}} ______}} ________ aS SS OS) Ss ee —_>>o—=— 
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Taste 8.—Number and percentage of sampling stations showing worst monthly 
average coliform bacteria and biochemical oxygen demand results in designated 
ranges, Ohio River Basin—Continued ; 


Number of stations | Percentage of stations 
Biochemical A Biochemical 
Coliform or- | oxygen demand | Colform or | oxygen demand 
a? milliter ation milliter | Pition 
l | 
51— |Over 3.1- | Over! 51- lover 3.1- Over 
0-50! 200 | 200 | 93 60 | 6 |°% 200 | 200 0-3 |% 5 
IBRH VOR MtVel ood cece. on 2enaaca dienes ps at a al 85; 13; 17 | 82; 23) 45) 641 20 
Little Kanawha River_....-_.------- 0 5 5 2 0} 60] 50] 70! 10 
GHyandol River. . oc. Godepc can aecoke 16 5 7 17 5| 57| -18| 25).61) 21 18 
Big Sandy River__--.-.-.----------.- 33 | 18} 37 64| 10} 14] 38] 20] 42) 73] il 6 
Scioto River 38 37 | 17] 30 
Little Miami River--. 28 
Licking River 3 
Miami River 37 
Kentucky River 29 
alt Bim es ss bocce apecbee lL eeesa 2-0 9 
Tributary basin totals. .....--- 787 | 343 | 650 |1,075 | 286 | 440| 44| 19| 37| 60| 16 | 24 
Ohio River and minor tributaries: begag’ 
Pittsburgh to Huntington_-___..- 23) 43] 36 72 7| 23) 23) 42) 85) 70 ar 23 
Huntingtor to Cincinnati_......| 6 8| 14 21 4 3 2) | (28) 60°) 75s} 34 ll 
Cincinnati to Louisville__......-| 4 9} 20 10} 14 12] 27). 61 |. 30|..43 27 
Louisville to mouth_...........-- 31 | 20] 23 a7] 11.) i ae Sr i OL be .OO-T~ 1e 19 
Ohio River and minor tribu- 
tary basins totals.........--- 64| 80] 93] 150] 386] 49] 27| 384] 39] 64] 15 21 


54. Coliform bacteria results ——Undesirable bacterial contamination 
of the streams of the Ohio River Basin is the most widespread effect of 
pollution. Limited stream reaches in which monthly average coliform 
bacteria counts of 200 or more per milliliter were observed are common 
to practically all portions of the basin and such counts were observed 
at 37 percent of the sampling stations. These reaches are unsuitable 
for use for public water supply, bathing, and recreation, and general 
sanitary conditions are poor. Monthly average coliform counts of 
over 50 per milliliter were common, and were observed at 58 percent 
of the sampling stations. Waters of the latter quality are unsuitable 
for bathing and recreational use, and are of doubtful value as sources 
of public water supply. 

55. Biochemical oxygen demand results.—One or more monthly aver- 
ages of biochemical oxygen demand of more than 5.0 parts per million 
were observed at 24 percent of the sampling stations. Stream reaches 
involved were uniformly distributed throughout the basin and gener- 
ally corresponded to, but were of lesser extent than, those showing 
evidence of severe bacterial pollution. The general sanitary condition 
of these reaches is unsatisfactory. 

— 56. Dissolved oxygen results—In general, dissolved oxygen results 
confirmed the coliform bacteria counts and biochemical oxygen de- 
mand results in papiegcing pallutee areas in the basin. During the 
periods of sampling, monthly average results below 5.0 parts per mil- 
lion were observed in limited stream reaches in all portions of the basin, 
and results below 4.0 parts per million were observed less frequently, 
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but particularly where organic waste concentrations were high in rela- 
tion to available discharge. Such results are indicative of poor 
sanitary conditions. 

57. Hydrogen ion concentration —The effects of acid pollution were 
evidenced by high hydrogen ion concentrations observed primarily in 
the Monongahela and lower Allegheny River Basins and in localized 
tributary areas in the upper portion of the Ohio River Basin. Monthly 
average pH values less than 4.0 were observed in these areas. Values 
in this range are indicative of hard, corrosive waters, unsuitable for 
public and industrial water supplies and recreational use, and damag- 
ing to navigation structures. 

58. Damages resulting from stream pollution —While the intensity of 
Stream pollution is severe in numerous localities, serious damage is 
confined to a few places where water use is extensive. Generally, 
Pollution in tributary basins does not materially affect the Ohio River. 

in exposition of the important damages resulting from stream pollu- 
tion follows. 

59. Damage to public health—Of the 634 surface water supplies in 
the Ohio River Basin, 294 are subject to some degree of pollution by 

uman sewage. ‘The latter surface supplies serve 5,865,800 persons 
and aggregate 571,000,000 gallons per day. 

60. Conquest of water-borne typhoid fever has been virtually com- 
Pleted by the installation of adequate water treatment facilities at a 
majority of communities. There remains an epidemic disease, gen- 
erally considered to be water-borne. and usually referred to as ‘‘gastro- 
enteritis, presumably water-borne.” 

61. Drinking water contaminated with small amounts of sewage 
Can result in acute gastro-enteritis. Outbreaks from this cause oc- 
Curred more frequently several decades ago than they do at present, 
and were often followed by typhoid fever infection. “However, filtra- 

10n and chlorination of public water supplies have not reduced the 
larrhea and enteritis death rate to the same extent that: these meas- 
Ures have reduced the typhoid fever death rate. Typical gastro- 
€Nteritis epidemics, traced to water supplies in 14 widely distributed 
af nunities in the United States, during the period 1924 to 1940, 
. ected 240,000 people. The population exposed was 2,580,000. One 
these epidemics occurred in the Ohio River Basin at Georgetown, 

Y-, during the period of the survey; 4,500 people were exposed; 50 
eeent were attacked. The epidemic lasted for 5 days. The diar- 
: a and enteritis death rates for 144 Ohio River Basin communities 

anged from zero to 91.3 per 100,000 persons per year, during the 
Period 1933 to 1937. The median rate was 14.8 per 100,000 persons 
Per year, 

62. Because water treatment alone has not provided full insurance 
®gainst outbreaks of water-borne gastro-enteritis, it follows that stream 
8 Ution, particularly by domestic sewage, presents a definite hazard 

public health. Fear of gastro-enteritis and dissatisfaction with public 
= oy supplies which it engenders are undesirable, and the man-hours 
during epidemics are of economic importance. f : ‘ 

calle, @ ere are few stream reaches in the Ohio River Basin, physi- 
x, o Suited to bathing and other recreational purposes, which are not 
Acton wees Of untreated human sewage. Monthly average coliform 
Sam ria counts of 50 or more per milliliter were observed at 1,166 
Pling Stations in the basin. A majority of the reaches embraced 
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by the remaining 851 sampling stations were also indicated to be of 
doubtful value for bathing purposes. 

64. Many excellent facilities for saint 3 purposes are available in 
the basin, but, in view of the widespread bacterial pollution, it must 
be concluded that indiscriminate use of the streams for this purpose 
would constitute a dangerous hazard to public health. 

65. The deposition of sewage solids along stream banks below sewer 
outfalls is a common occurrence in the basin, particularly in smaller 
tributary areas. These depositions constitute a source of disease 
which may be transmitted by flies or other insects. 

66. Damage to public water supplies—Public demand for safe water 
supplies of high quality precludes use of most surface waters without 
some prior treatment thereof. The removal of turbidity constitutes 
the major treatment applied to many unpolluted supplies. Disin- 
fection is commonly practiced to insure bacterial quality. Stream 
pollution of domestic and industrial origin has in many cases necessi- 
tated more costly and extensive treatment, including softening, taste 
and odor removal, heavier chemical dosage, and hydrogen ion control. 
With the exception of bacterial pollution of public water supplies, the 
most widespread damages have been caused by acid wastes which 
result in hard corrosive waters. In numerous cases, particularly those 
involving tastes and odors, extensive treatment fails to produce a 
palatable water. 

67. Damage to industrial water supplies—The bulk of industrial 
water use in the Ohio River Basin is for cooling and wash water 
purposes. Basic requirements for satisfactory cooling water, other 
than low temperature, are freedom from turbidity and corrosiveness. 
Acid pollution has considerably damaged cooling water supplies in the 
upper Ohio River area by increasing the corrosiveness of surface 
waters. Wash water supplies have not been seriously affected. 
More specialized water uses, such as boiler supply, have also been 
adversely affected by acid pollution. 

68. Damage to navigation and hydroelectric power structures.— 
Excessive corrosion of floating and stationary navigation structures 
and hydroelectric power facilities has resulted primarily from acid 
eee in the upper Ohio River Basin. The decrease effected in the 
ife of such structures is a positive economic damage chargeable to 
stream pollution. 

69. Damage to aquatic recreational facilities —The major damage to 
aquatic recreational facilities such as swimming is bacterial pollution. 
However, oxygen depletion resulting from organic industrial wastes 
and sewage, and acidity resulting from inorganic wastes, have caused 
conditions unsuitable for the support of aquatic life in many streams. 
Sporadic pollution has also been responsible for fish killings im 
numerous localities. 

70. Local nuisance.—In metropolitan areas, the aesthetic value of 
streams is usually slight, largely as a result of stream appurtenances 
provided for commerce rather than beauty. However, in such areas, 
there are frequently obnoxious odors resulting from the decompositioB 
of sewage, and unsightly conditions resulting from sleek, scum, 
floating solids, and stream discoloration. These are commonly — 
classified as local nuisance conditions and are responsible for a large 
portion of the public desire for pollution control. 
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71. Local nuisance conditions are common to a majority of the 
sewered communities in the Ohio River Basin which do not have sew- 
age-treatment facilities, particularly those where stream flows are 
low in comparison with pollution loads. 

72. Destruction of aesthetic values in rural areag is largely related 
_ to other stream uses. The attractiveness of streams for recreational 
use appears to suffer because of a public aversion to unsightly con- 
ditions resulting from other than natural causes. The Clarion River, 
polluted by industrial wastes, and many upper-basin tributaries of 
the Ohio River, polluted by mine drainage, are typical examples of 
this condition. 

_ 73. Summary of damages.—Principal damages from stream pollu- 
tion are to public health, domestic and industrial water supply, 
recreation, navigation, plant and animal life, other water uses, and 
aesthetic values. 

74. Untreated domestic sewage damages mainly public health and 
water supplies, recreation, plant and animal life, and aesthetic 
values. Industrial wastes, by their variety, effect damages to all 
Water uses, but, in general, have a lesser effect on public health than 

ave domestic wastes. 

75. The effects of stream pollution are widespread. In addition 
to direct, economic damages, there are other, less tangible damages, of 
2 more or less psychological nature. For example, aquatic recrea- 
tional facilities convenient to large population centers are of value to 
Public morale, may lessen juvenile delinquency, and in other ways 
Contribute to the general public welfare. It follows that their destruc- 
tion by stream pollution is detrimental to public welfare in these 
respects. 

76. Consideration of both the intensity and extent of individual 
Cases of stream pollution in the basin indicates those discussed in the 
i. Owing paragraphs to be of major importance. A discussion of 

€sser pollution problems found in the various tributary basins and 
©n reaches of the main river is contained in appendices to this report. 
__.£%. Ohio River —The main Ohio River receives domestic and indus- 
trial pollutants at frequent intervals throughout its length, and all 
Water supplies from this source are subject to bacterial pollution. 
~ Oution is severe in the Pittsburgh, Cincinnati, and Louisville areas 
@nd in the reaches from Pittsburgh to Wheeling, and from Huntington 

© Portsmouth. : 

Bee There are more intensely polluted stream reaches in the Ohio 

ver Basin than those of the main stream. However, pollution 
“mages in the main stream are more widespread, with the result that 
7 Se are of major importance from a quantitative standpoint. 
ee importance attaches to large pollution sources such as those 

Pittsburgh, Cincinnati, and Louisville and the Huntington- 
oe tsmouth reach. These dominate stream conditions over relatively 
Stem reaches and treatment of their wastes is part of a logical first 

P in an Ohio River pollution control program. a 
Ri 9. Pittsburgh. Pa.—The organic waste load reaching the Ohio 
of ae from. Pittsburgh and its suburbs has a population equivalent 
dis 7834,300, of which 597,200 discharges to the Allegheny, 458,500 
Riv, arges to the Monongahela, and 278,€00 discharges to the Ohio 
igus direct. When the residual organic waste load from population 

Ivalents of 917,200 in the upper Allegheny River and 796,200 in 
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the upper Monongahela River is added to that from Pittsburgh and 
its suburbs, it becomes apparent that the concentration of organic 
waste below Pittsburgh is larger than that below any other community 
on the Ohio River proper. Additional pollution of significance in- 
cludes 1,032,000%tons per year of acid waste (calcium carbonate 
equivalent) which flows from the area adjacent to and above 
Pittsburgh. 

80. The normal bacterial effect of untreated human wastes ap- 
parently is masked by acid pollution of the upper Ohio River. How- 
ever, coliform bacteria counts at Emsworth Dam, 6 river miles below 
Pittsburgh, varied from less than 1 to as high as 811 per milliliter in 
39 samples collected from September 1940, to March 1941. The 
median count was 52, the average, 94 per milliliter. Ten percent of 
the samples had coliform bacteria counts in excess of 200 per milliliter. 
Water of this quality is unsuitable for domestic water supply and 
definitely dangerous for bathing purposes. 

81. Partial oxygen depletion, denoting unsatisfactory sanitary 
conditions, was noted below Pittsburgh in October 1940. On the 
days of maximum oxygen depletion flows averaged four times as 
large as the minimum flows of record. 

82. Pittsburgh, Pa., to Wheeling, W. Va.—There is serious pollution 
of the 90-mile reach of the Ohio River from Pittsburgh to Wheeling, 
by domestic and industrial wastes from 24 significant sources, spaced 
at rather uniform intervals. Bacterial pollution is a result, although 
the effects are masked by acid wastes, largely from coal mines. 

83. Including that at Bellaire, Ohio, there are 8 public water 
supplies taken from the reach. These serve 173,600 people and aggre- 
gate 174,000,000 gallons per day. The average coliform bacteria 
count at the East Liverpool waterworks intake was 250 per milliliter 
for the period 1925 to 1940. All public water supply intakes are 
situated only 3 to 12 miles below significant waste sources. This is 
indicative of the insanitary conditions of the reach which constitute 
a serious potential source of damage to public health. 

84. Extensive corrective measures are indicated. Situated at the 
head of the reach, Pittsburgh is the key to pollution control in the 
area and is the logical location for initial work in thatconnection. 

85. Huntington, W. Va., to Portsmouth, Ohio—Concentrations of 
wastes at 6 localities in the 50 mile Huntington to Portsmouth reach 
of the Ohio River result in bacterial pollution of public water supplies 
at Ashland, Ironton, and Portsmouth. The average coliform bacteria 
count at |the Ironton waterworks was 125 per milliliter during the 
Soe 1925 to 1940. A maximum monthly average of 685 per milli- 

iter has been observed at this plant. The intakes for all 3 supplies 
are within several miles of upstream pollution sources. Corrective 
measures are indicated as a safeguard to public health. 

86. Cincinnati, Ohio.—In the Cincinnati area, the largest organic 
waste source on the main Ohio River, wastes having a population 
-equivalent of 1,784,700 are discharged. These wastes are 64 percent 
industrial. Dissolved oxygen depletion and bacterial pollution at 
downstream points are the principal damaging effects. 

87. During August and September 1939, dissolved oxygen results 
on 22 sampling dates varied betweeen 6.6 and 1.6 parts per million 
at dam No. 37, below Cincinnati. The median value was 4.9 an 
the average value 4.6 parts per million. These are indicative 0 
unfavorable sanitary conditions. Discharge on the day of maximu™ 
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oxygen depletion was 3 times as great as the minimum flow of record; 
average discharge during the period was equal to the mean of minimum 
monthly flows. Monthly average coliform bacteria counts were ob- 
served to be consistently in excess of 200 per milliliter as far down- 
stream as dam 39, 61.5 river miles below Cincinnati, during June, 
July, and August 1939. One or more monthly averages in excess 
of 50 per milliliter were observed at all stations between Cincinnati 
and Louisville. 
88. Louisville, Ky.—Sewered wastes from 335,100 persons and an 
industrial waste population equivalent of 626,500 are discharged to 
the Ohio River in the Louisville area. This is the third largest pollu- 
tion source on the stream. Discharge conditions are such that 
bacterial pollution of downstream reaches is the major damage 
effected. 
89. The New Albany water supply, from the Ohio River in the 
Louisville area, is seriously degraded. Nine water samples collected 
during August and October 1940, and February 1941, at the plant 
intake, had coliform bacteria counts of from 93 to as high as 2,400 
per milliliter. The median count was 430; the average count, 645. 
Streams in which monthly average counts exceed 200 per milliliter 
are considered unsuitable for public water supply. Monthly average 
coliform bacteria counts in excess of 50 per milliliter were observed 
during August 1940, as far downstream as Troy Hill Light, 127 river 
mailes below Louisville. Water of this quality is unsuitable for public 
water supply and for extensive recreational use. 
_ 90. Beaver River Basin.—Concentration of population and industry 
in the Youngstown area on the tributary Mahoning River has caused 
Severe stream pollution. Untreated sewage results in sludge bank 
ormation, and floating solids, scum, and objectionable odors are 
Common causes of complaints. Extensive use of water by the steel 
Mdustry necessitates channel pondage, and results in high stream 
temperatures and low stream velocities; these, in conjunction with 
Mmadequate summer discharge, add to the severity of pollution. 
91. Residents of the Mahoning River Valley, below Warren, have’ 
been forced to discontinue use of the river for public water supply 

ecause of stream pollution. Downstream Beaver River water sup- 
Pes are subjected to bacterial pollution, and difficult taste and odor 
Problems result from the discharge of phenols in the Youngstown 
area. In addition to creation of local nuisance conditions, other 
damages include complete destruction of aquatic recreational facilities 
‘1 the Beaver and lower Mahoning Rivers. These are sorely needed 
in the basin, which has an average population density of 231 persons 
Per square mile. 

: w flow control from existing Milton and Pymatuning Reser- 
Yoirs and building Berlin Reservoir will partially improve the situa- 
tion; however, sewage treatment for Youngstown and vicinity, and 
industrial waste control, are necessary. Low flow control will permit 
Smaller expenditures for this purpose than would otherwise be required, 
“nd its continuance is essential to satisfactory pollution abatement. 
“ave Need for pollution control is indicated at other localities in 
e basin, where pollution is of a more local significance. ‘ 

7 anawha River Basin.—The chemical industry, situated mainly 
the Charleston area of the Kanawha River Valley, is one of the 
Major organic waste sources in the Ohio River Basin. Its wastes 
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have a human population equivalent of 1,378,000. Untreated domes- 
tic sewage contributes to the pollution, and serious nuisance condi- 
tions result. In addition to odors, unsightly conditions, and destruc- 
tion of aquatic recreational facilities, damages include bacterial 
pollution of water supplies and serious taste and odor troubles. 

95. Domestic and industrial waste treatment is indicated, and low 
flow control would prove valuable, particularly in Elk River which is 
a source of Charleston’s public water supply. 

96. Other tributaries—Numerous stream reaches in tributary basins. 
are seriously polluted, with local damage as the result. These gen- 
erally are of lesser importance, relatively, than are those of the areas 
already discussed. Typical of the lesser pollution problems are the 
following: 

(a) The Clarion River in the Allegheny River Basin is polluted in 
headwater reaches by industrial wastes, untreated sewage, and acid 
mine drainage. Damages include degradation of a stream otherwise 
ideal for recreational use. There are difficult industrial waste treat- 
ment problems. 

(b) The upper Tuscarawas River in the Muskingum River Basin 
is materially polluted by industrial and domestic wastes. Domestic 
water supplies have been severely damaged. 

(c) Streams of the lower Scioto River Basin are polluted by indus- 
trial and domestic wastes. This includes the main stream below 
Columbus where residual pollution and surface wash create difficul- 
ties despite the storm water tanks and the high degree of sewage 
treatment provided by the city of Columbus. Low natural discharge 
and present limitations on industrial waste treatment methods will 
complicate application of corrective measures. ’ 

(d) Heavy waste loading of the Miami River in the Dayton-Hamil- 
ton reach results in high coliform bacteria counts and biochemical 
oxygen demand, and oxygen depletion. Domestic waste residuals 
and paper mill wastes are the damaging pollutants. 

(e) There are numerous badly polluted stream reaches in the 
Wabash River Basin which result from waste concentrations dispro- 
portionately high with regard to available flow. The most important 
of these is below Terre Haute where the untreated sewage from 
26,000 persons, together with an organic industrial waste population 
equivalent of 347,400, is discharged to the Wabash River. Serious 
oxygen depletion and high coliform bacteria counts are common to 
the 30-mile reach below the city. 

(f) Pollution of the Cumberland River in the Nashville area 
results in localized, downstream nuisance. Corrective measures are 
indicated. The Wolf Creek hydroelectric development now under 
construction upstream will lessen the difficulty of providing waste 
correction because of flow regulation which will result. 

(g) The tributary Pigeon River in the Tennessee Basin is grossly 
olluted throughout ébilength. largely with organic industrial wastes. 
amage results to the Knoxville water plant 78 miles below on the 

Tennessee River. 

97. Acid pollution of the upper Ohio River Basin.—The bituminous 
coal fields of southwestern Pennsylvania and northern West Virginia 
are the major sources of acid wastes which are damaging to streams 
of the upper Ohio River Valley. The Allegheny River Basin as far 
north as the headwaters of the Clarion River and the Monongahela. 
River Basin, with the exception of the tributary Tygart, Cheat, and 
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upper Youghiogheny River Basins, are severely polluted with acid 
mine drainage. Monthly average pH values of 4.0 or less, indicating 
a high hydrogen-ion concentration, are not uncommon in these areas. 
The effects of acid pollution are also evident in the Ohio River as far 
downstream as the mouth of the Kanawha River, 266 river miles 
below Pittsburgh. Free acid in waste pickle liquor discharged by 
metallurgical industries adds about 2.5 percent to the mine acid load. 
Acid from hydrolyzed iron sulfates in these wastes may be more 
Significant, depending on the hydrolysis equilibrium. 

98. Direct damages which result to public and industrial water 
Supplies, power plants, and floating and stationary navigation struc- 
tures and equipment in the upper Ohio River Basin alone, aggregate 
it is estimated, over $2,000,000 per year, and are imposed on industry 
and a population of several million. The aquatic and recreational 
facilities of a heavily populated and extensive area are damaged and 
acid pollution has been a deterrent to the application of domestic and 
Industrial pollution control measures. ) 

99. While partial relief has resulted from mine-sealing operations 
and low flow control from Tygart River Reservoir, the acid load con- 
tinues to increase, and further corrective measures are indicated. | It 
Is estimated that unless acid control measures are applied average 
annual damages will increase by more than 50 percent by 1960. 


VU. Fururr Conprrions 


. 100. The satisfactory practice of waste-disposal methods which 
clude ultimate discharge to water bodies, depends on the relation- 
Ship between the character, quantity, and strength of the wastes and 
the character and volume or discharge of the receiving body of water. 
Unless remedial measures are adopted, the future condition of streams 
im the Ohio River Basin depends on changes in present pollution loads 
and stream flow. 

101. Possible effects of populat‘on and industrial changes.—A com- 
Parison between population growth in the Ohio River Basin and in 
the United States as a whole is shown in the following tabulation: 
Rees cede rast alae silt pugeds were uli eke Sine ae eenieie 


Ohio River Basin United States 
Year Percent in- Percent its 
j Population Frreseding Population Gracsding 
period period 
Fie fe ee RES in Bete RS tetibel PES OUP a6 ote: PS SENS ae Pee es ere Pe a ie 
in SERS AISA ag Be am eer 11, 029, 000 |_.._.-..---- 62, 947, 714 (25. 5) 
W919. 5" 77 o27++-----------------------+---- 2-2 - 12, 755, 000 16 75, 994, 575 20.7 
fee ee sii kouninaoad 14, 382, 000 13 91, 972, 266 21.0 
> SS Ei aatb lento besace soit. 15, 898, 000 11| — 105, 710, 620 14.9 
ee. a ee 17, 533, 000 10 | 122,775, 046 16.% 
PS 22 a eee Soe or Se 18, 816, 000 7 131, 669, 275 7.2 


Ree For five decades the rate of population increase in the Ohio 
py ct Basin has been consistently less than that of the United States. 
whole oo of the basin are more mature than those of the Nation as a 
ed We and the population is hence likely to reach a maximum at an 

Ther date. It is estimated that a peak of about 20,000,000 will 
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occur in the period between 1960 and 1970. This figure is 7 percent 
greater than the present population of the basin. 

103. During the decade following 1930, the population of many 
Ohio River Basin communities decreased significantly for the first 
time. In the 10 States which have 5,000 or more square miles of area 
within the basin, over 25 percent of all incorporated communities 
became smaller during this period, and population losses were common 
to communities of ali sizes. In view of the approaching peak in the 
population of the basin as a whole, losses which have already set in 
may continue in some communities, and, in general, a leveling off of 
population curves is to be expected in the remaining communities in 
the next 25 years. ‘ 

104. Because of the small population growth anticipated, increased 
domestic sewage loads which will result should not materially increase 
the severity of pollution in the Ohio River or its major tributaries. 
Significant increases may be confined generally to a 25-year period 
and to those smaller streams in which waste loading is already high 
relative to the volume of diluting water available. In the past, sew- 
age treatment facilities have been provided at the sites of some of the 
most severe pollution problems. Continuation of this procedure will 
reduce the effect of anticipated increases in population. 

105. Industrial activity is related to population growth, and it is 
probable that, for the basin as a whole, a stabilized population will re- 
sult in an economy of replacement rather than an economy of rapid 
expansion. It seems reasonable to estimate that no material changes 
in industrial waste pollution will result for some time. About half of 
the organic industrial waste load now comes from food processing, 
paper, and strawboard plants. Pollution from these sources probably 
will increase with population and reach a peak within a few decades. 
Chemical industries now discharge 21 percent of the industrial waste 
population equivalent not served is municipal treatment. New prod- 
ucts have been developing in this field and an increase in wastes may 
be anticipated. It is estimated that future industrial waste pollution 
will increase in rough proportion to that from domestic sources for 
the basin as a whole. However, development of new processes and 
products in any major industry may change this relationship. 

106. Pollution by acid mine drainage is increasing in intensity in 
rough proportion to the accumulative tonnage of coal already mined. 
Therefore, continued but less rapid increases in mine acid loads may 
be expected indefinitely, even after stabilization of population and 
industrial development and of the domestic coal market. In the case 
of significant industrial pollutants, this condition occurs only in mine 
drainage. The rate of increase in mine acid loads will vary largely 
with world conditions influencing coal consumption and with indus- 
trial development and activity. 

107. Possible effects of changes in discharge conditions.—Discharge 
of the streams of the Ohio River Basin is influenced by the quantity, 
extent, distribution, and intensity of rainfall and by regulation in im- 
pounding reservoirs. Canalization modifies discharge elements such 
as velocity and stream cross section, but, alone, does not appreciably 
affect the discharge volumes. 

108. Droughts.—A wave of epidemic gastro-enteritis occurred in the 
Ohio River Valley after the 1930 drought. There is evidence that the 
outbreaks were water-borne. Gastro-enteritis first was noted in 
Charleston, W. Va., late in October 1930, and. lasted until about 
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November 10, 1930. Later in the year, there were rains in the 
Kanawha River Basin which flushed the channel at and below Charles- 
ton. Early in January 1931, gastro-enteritis was simultaneously noted 
at Huntington, W. Va., Ashland, Ky., and Ironton, Ohio, all on the 
Ohio River below the mouth of the Kanawha River. The attacks 
lasted until about January 10, 1931. Cincinnati experienced the ° 
same complaint from mid-January 1931 to about February 1, 1931. 
Louisville was affected on about January 25, 1931. The chronological 
order of attack indicates a progressive downstream movement of the 
Causative agent. 

109. The drought of 1930 was also notable for the obnoxious tastes 
and odors experienced in many public water supplies in the basin, 
These frequently caused water users to seek more palatable supplies, 
often of questionable sanitary quality. Thus, the drought created a 
material potential source of damage to public health. In many in- 
Stances, sewer outfalls were uncovered during periods of low river 
Stage, as were sludge banks. This created many local nuisance 
os Widespread pollution of the streams of the Ohio River 

asin added to the difficulty of quickly developing emergency water 
Supplies at those communities where the normal supply became 
Inadequate. 

110. The low flow conditions of this period apparently have not 
been duplicated on a basin-wide scale during nearly a century. The 
following tabulation indicates their severity in the Ohio River at 

Meinnati: , 


eo: ae 
Minimum monthly flow during 1930__-.-...-.---.----- 3,600 cubie feet per second. 
inal er minimum monthly flows for years 1920 to 1940, | 21,500 cubic feet per second. 
Clusive. ° 
Ratio, minimum to mean of minimums__-------------- 1 to 6. 
Av t28e June to September flow during 1930___...-.--. 7,700 cubic feet per second. 


theca June to September flow for years 1920 to 1940, | 48,200 cubic feet per second. 

Clusive. 

Ratio, Average 1930 to average for period__.....--------- 1 to 6. 

as GRR aa coats ne ea tial Er a Se Hef SRE 


aay In 31 humid States, including the 14 which comprise the Ohio 
: ver Basin, noticeable rainfall deficiencies occur at from 3- to 7-year 
Mtervals. Generally, the deficiencies are confined to short periods, 
With the result that discharge deficiencies of more than several months’ 
uration are uncommon. In the 1920-40 period, during the latter 
uf of which the average summer flow of the Ohio River was unusually 
foll. Minimum monthly summer discharges occurred as shown in the 
Mowing tabulation: 


ae 
= SS Ee a ann Pees EE ar eres PR es eee Set sa Oa eA Be 


Year of occurrence and discharge in cubic feet per second 


Month Lowest Second lowest | Third lowest | Fourth lowest 
ee OL Ve DiCire Year |Discharge| Year |Discharge| Year |Discharge| Year | Discharge 
Tun SYaETN EGER TEE WUT, TR oe Ye 
RO iy hn 1930 | 15,200 | 1934} 16,300 | 1936 | 21,100 | 1925 | 24, 500 

OT ple tat Ae ee ERED, 1 6,500 | 1934 | 15,900 | 1936 | 22, 100 | 1933 26, 100 

Se Dtembeg rn ttt apae+ Heme ae <2 1930 4,300 | 1936 | 18,500 | 1982} 19, 700 | 1929 22; 800 
oS alee 1930 4,700 | 1939 | 12,900 | 1932 | 14, 800 | 1936 15, 600 
Novembep 7 --- =! 2 -----saa- cane 1930 3,600 | 1938 | 13,600 | 1933 | 14,300 | 1940 15, 600 
_ ee RR SES 1930 5,300 | 1931 | 16,200 | 1939 | 24, 1924 31, 700 
Composite average...........-|-..-- 000.1>. 15, 600°|. 19, 400 |..-.-- 22, 700 
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It is of significance that, with the exception of 1930, unusually low 
flow conditions were not observed in more than 2 consecutive months 
during the period. The probability of the recurrence of a long 
sequence of months with discharges as low as those of 1930 appears 
to be remote. It should also be noted that the composite average 
of second lowest flows (second column above) was 136 percent greater 
than the average for June to November 1930 (first column above). 
The spread between averages of the lowest and second lowest natural 
June-to-November flows (6,600 cubic feet per second, 1930; 25,800 
cubic feet per second, 1934) is 291 percent. 

112. Drought damages are often widespread. However, with the 
exception of extremely severe droughts, accompanied by prolonged 
periods of low flow, their effect on stream pollution is comparatively 
~ minor. 

113. Reservoirs.—Reservoirs, provided for flood-control purposes 
only, have slight effect on stream quality. Their major purpose is 
the rearrangement of the natural regimen of discharge during periods 
of extremely high flow. At high water oxygen depletion and nuisance 
conditions, resulting from sewage and pollution by industrial waste 
discharges, usually are not serious. However, the provision of low- 
flow contro] as a supplementary feature of storage reservoirs provided 
for flood control usually has a beneficial effect on the sanitary condi- 
tion of downstream reaches. Reservoirs at which hydroelectric 
power is generated almost always produce an incidental beneficial 
effect on stream sanitation, and water-supply reservoirs frequently 
have a beneficial effect. Provisions to increase low flow have been 
considered by the Corps of Engineers in the prosecution of a compre- 
hensive flood-control plan for the Ohio River Valley. Reservoir 
projects built or now under construction by the Corps of Engineers 
Ps ovide flood control, low-flow control, and other benefits, are as 
follows: 


Reservoir Basin Purpose 
——— OOO ) 
Built: Tygart, Tygart River_.....-....- Monongahela River_| Flood control, navigation water supply 
(low-flow control). 
Under construction: 
Youghiogheny, Youghiogheny River-|_.___ CR ek-g Sew eee es Flood control, low-flow control. 
Berlin, Mahoning River-------.------ Beaver River__..-_- Do. 
Bluestone, Kanawha River-.-.------ Kanawha River-....| Flood control, hydroelectric power pro- 
duction, low-flow control. j 
Wolf Creek, Cumberland River. -.-- 
Dale Hollow, Obey River. .--------- Cumberland River-- Do. 
Center Hill, Caney Fork River------ 


114. Normally, seasonal low-flow control may be provided at small 
additional cost as an incidental feature of flood-control storage de- 
velopments. Hence there is no economic bar to its further provision 
where flood-control storage works are justified. The increased dis- 
charge during periods of low run-off made possible by low-flow regula- 
tion is likely to be, in many cases, an effective adjunct to sewage 
treatment and, in connection with flood-control reservoir develop- 
ments, is conducive to efficient use of the water resources of the basin. 

115. The probable effects of the reservoirs now built or under cop- 
struction on low water discharge are summarized in table 9. 
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116. At the head of the Ohio River, the average increase in minimum 
flow from Tygart, Youghiogheny, and Berlin Reservoirs will approx- 
imate 43 percent of the July to November flows of 1930. Bluestone 
Reservoir will result in an additional increase in the flow of the 
upper Ohio River, resulting in a 31-percent improvement in minimum 
discharge at Cincinnati. Proportionately larger increases would be 
effected on the tributaries on which the reservoirs are situated. 
Because of these reservoirs, it is possible that flows as low as those of 
1930 will never again be experienced in the Ohio River. 

117. Other reservoirs of the present comprehensive flood-control 
plan for the Ohio River, possible alternate reservoirs, and possible 
additions to the plan, would be capable of providing low flow control 
in tributary basins and the main stream. However, where detailed 
studies have been made, economic considerations generally indicate 
the provision of low flow. control as an incidental rather than a primary 
function of reservoir development. | 

118. Low flow-control operations incidental to flood control are 
subject to limitations imposed by restrictions on the use of storage 
capacity and it is probable that the most significant future increases in 
low water fiow will result from flood control-hydroelectric reservoir 
development, in which case increases in low water flow will occur 
incidentally to hydroelectric operations. Table 10 lists certain 
reservoir projects of significance with respect to low flow control, 
which may be provided in the Ohio River Basin, together with their 
possible low flow-control features. 
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119. It must be recognized that the foregoing estimates are subject 
to modification by virtue of changing power markets, conditions of 
stream pollution, and future economic conditions. It is believed 
that they indicate the possible extent of low flow-control operations 
in the Ohio River Basin in the future. Provision of all the reservoirs 
listed, together with those now built or under construction, would 
have ah in an increase in minimum flow of 220 percent in 1930, 
at the head of the Ohio River, and of 140 percent at Cincinnati. 
While such discharge increases would materially improve sanitary 
conditions along tributaries and the main stream, in general, the need 
for sewage treatment would not be eliminated, because bacterial 
pollution would continue. On the other hand, the flow increases 
would be, in places, sufficient to reduce the extent and cost of sewage 
and industrial waste treatment needed to prevent undue depletion 
of dissolved oxygen and also, along small streams, to supplement 
complete treatment. 

-120. Review of Ohio River water-plant records discloses that in 
the last 15 or 20 years there has been no general depreciation in the 
quality of the stream at the larger waterworks intakes. The most 
noteworthy change in water quality was a progressive decrease in the 
natural alkalinity of the river experienced at upstream water plants. 
However, at and below Steubenville, Ohio, this trend was not in 
evidence. At Cincinnati, Ohio, higher than average coliform bac- 
teria counts were observed during the period 1935 to 1940. This 
condition appears not to have occurred elsewhere. While it is certain 
that increases in domestic and industrial waste loadings experienced 
during the last 15 to 20 years resulted in more severe pollution in 
localized reaches, serious effects of this additional pollution were not 
in evidence at all waterworks on the river. Table 11 is a tabulation 
of coliform bacteria, alkalinity, and turbidity results for Ohio River 
water at selected waterworks intakes. 


Tas LE 11.— Water quality at waterworks intakes, Ohio River Basin 
SoCal vane cceadaeee East Liverpool Steubenville Ironton 


Miles below Pittsburgh___ 43 69 328 


‘Period considered_._..--.- to to to to to to. |-.to. | to to to to 


-_———| — | — | | | | | | | | S| ES 


‘Coliform bacteria per 
milliliter: 


Maximum..--_-.------- 1,180 | 679 |1,003 |1,180 | 538 | 234 96} 538 | 527) 685] 340] 685 
Average—J unc to Sep- 
tember s2242 62 134 | 370 | 183 42 30 19 206 | 157] 144] 165 
A VaeMmees soc tde wees 169 | 208] 3 24 17 22} 179} 103) 107|] 125 
as parts per mil- 
on: 
Maximum..-..-------- 28 30 16 30 14 25 35 49 51 50 51 


35 

Average—J une to Sep- 
denier oth 3/ 7| 81 9] of 8| | 9} 37] 31] 35] 36 
8 30 29 


Maximum..-.-_.-..---- 450 | 185} 900} 900) 430] 280] 330) 430) 380) 400] 485] 435 
Average—June to Sep- 

mers. os, srlesesi 67 36) 115 70 31 50} 101 131 | 101} 146] 197 
DAS gee ne ae eS 115 61} 191 | 124 71 60 73 43 | 113] 157] 139 


44 OHIO RIVER POLLUTION CONTROL 


TaBLp 11.—Water quality at waterworks intakes, Ohio River Basin—Continued 


Boeation! ot - ase. bb 2 Cincinnati Louisville Evansville 
Miles below Pittsburgh__- 470 609 797 


| | 

1925 | 1930 | 1935 | 1925 | 1925 | 1930 | 1935 | 1925 | 1925 | 1930 | 1935 | 1925 
to to to to to to to to to to to 
1929 | 1934.| 1940 | 1940 | 1929 | 1934 | 1940 | 1940 | 1929 | 1934 | 1940 | 1940 


Period considered ._..---.- 


Coliform bacteria per 


milliliter: 
Maximitm LoL oslsy 135 120 | 3385 | 335 120 167 131 ite? Brees) TNR SIS ed pepe le 
Average—June to Sep- 
TENTOCr. os ses ee sce 42 30 | 124 68 20 22 23 ya a fen) | RT MRE AN 
Averages Sree th sss 32| 28] 104 57 27 19 aa) (4e2 ede — es Sof oe 
PS aa parts per mil- 
on: 
rami a Fe 58 72 59 72 83 96 82 96 90} 109 92 109 
Average—June to Sep- 
tempers 4:2. 2332. _2 42 40 43 42} 62 53 56 57 71 71 68 70 
PAVGrapees oro: Lats 36 38 37 37 55 52 51 53 60 63 60 61 
isk papa parts per mil- 
ion: 
IW gx So oo re te 500 | 370} 490] 500} 600] 590} 610} 610} 510} 680{ 6530 630 
Average—June to Sep- 
TEM PCRss 5.2 ac 182} 104 147 145 132 76 103 104 161 80] 128 123 
Averaget $...- 2K 234] 122] 144] 166] 201] 118] 158] 159] 226} 142] 167 177 


Norre.—Monthly average values obtained from waterworks data and not reported on a uniform basis. 


121. Navigation improvements——The 1914, 1930, and current Ohio. 
River pollution surveys indicate no definite trend in river water qual- 
ity traceable directly to the construction and operation of navigation 
facilities. However, stream canalization has definite effects on stream 
conditions which in turn influence water quality. Among these the 
following are of importance: 

(a) Stream velocities are lessened, thus increasing times of flow and 
tending to shorten the zones of bacterial pollution which may exist 
below sewer outfalls. This is a beneficial effect of navigation improve- 
ments. <A detrimental effect of lessened velocities is a tendency to- 
ward the precipitation of sewage solids and resultant sludge bank 
formation. 

(b) Stream turbulence is decreased throughout long reaches, thus. 
lessening the rate at which oxygen is absorbed from the air. This is 
a detrimental effect of navigation improvements. 

(c) Navigation dams result in localized areas of turbulent discharge 
which tend to offset loss of the natural turbulence of flow. This effect 
of navigation improvements is beneficial. 

(dq) Stream depths are increased, resulting in a tendency toward de- 
creased light penetration and lessened oxygen recovery from photo- 
synthesis; however, this condition is offset by lessened turbidity which 
tends to permit greater light penetration. Stream characteristics are 
subject to complicated but compensating influences as a result of 
canalization. On the whole, canalization of the Ohio River apparently 
does not greatly affect the use of this river for water supply and other 
purposes. [On other rivers, such absence of effects is not universal. 

122. Future canalization of tributary streams now subject to low 
summer flows may benefit stream quality by virtue of flow regulation 
necessary to insure adequate navigation water supply. However, 
future changes in the quality of Ohio River water, attributable to 
either new or existing canalization, probably will be minor and of local 
significance. oe 


OHIO RIVER POLLUTION CONTROL 45 


123. Comparison of existing with possible future conditions.—Popula- 
tion and industrial changes will have a serious effect on the future con- 
dition of Ohio River Basin streams. ‘Their effect will be continuous 
and generally detrimental, and probably will increase in intensity 
until about 1965, after which time significant changes are not antici- | 
pated for a considerable period. Pollution by acid mine drainage is 
expected to increase indefinitely throughout the area of the bitumin- 
ous coal fields. On the other hand, low flow control now being pro- | 
vided will have beneficial effects on the sanitary condition of streams, 
There appear to be no other factors of broad general significance with 
regard to anticipated conditions of stream sanitation. 

124. In general, the detrimental effects of organic pollution of the 
main Ohio River are estimated to have reached a peak, primarily be- 
cause the effects of population and industrial growth anticipated for 
the next quarter century will be offset by discharge regulation now 
being provided. On the other hand, there is evidence that discharge 
modification at extremely low stages may increase coliform bacteria 
counts at specific localities primarily as a result of modification of 
stream velocities. In consequence, slightly more severe bacterial pol- 
lution than now exists may result from population increases antici- 
pated. Local increases in domestic waste concentrations may result 
from new sewerage construction in existing communities; however, the 
extent of sewerage service in the larger metropolitan areas is such that 
only slight increases from this source can be expected in these areas. 
Unless a mine-sealing program is vigorously prosecuted mine-acid 
loads will become increasingly heavy in the future, with the result 
that acid waste concentrations in streams not benefited by low-flow 
control will increase over present levels, and more severe damage to 
water users will result than that now experienced. In spite of correc- 
tive measures applied to date, the present trend toward increased 
acidity in the upper Ohio River Basin is such that more than a 50- 
percent increase in damages from this source may be expected by 1960. 

125. All factors considered, the sanitary condition of most streams 
in the basin appears to be undergoing a slow process of deterioration. 
The results obtained by the accomplishment of the suggested program 
of improvement (see ch. X) must therefore be protected by adequate 
control of all existing, new, and future sources of pollution. 


VIII. Ossectives or PotitutTion-Contrrou ACTIVITIES 


126. Water uses and present adverse effects of pollution—The utility 
of the waters of the Ohio River Basin, and of the country as a whole, 
1s a valuable public asset closely related to public welfare. The ob- 
jective of the public authorities in the matter of pollution control 
Should be to insure conditions which will permit the best social and 
€conomic use of the Nation’s watercourses. In determining this use, 
public opinion must be considered. 

127. The most important uses of streams are for domestic, indus- 
trial, and agricultural water supplies, waste disposal, navigation, sup- 

ort of fish and aquatic life, recreation, and power production. Pol- 
lution-control activities should be directed and correlated with all 
Mportant stream uses in a manner which will permit realization of 
€ greatest possible yield of public benefit from natural watercourses, 
128. In the Ohio River Basin all major streams and numerous small 
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streams are used for water supply, and practically all streams are used 
for waste disposal. These uses are basically opposed and, if waste 
disposal is carried to excess, water supplies suffer proportionately. At 
the present time it appears that there are obtainable, at most points 
in the Ohio River Basin, adequate water supplies safe for public con- 
sumption after treatment, and capable of serving the needs of agri- 
culture and industry. It does not appear that the adverse effects of 
waste disposal on water supply will necessarily be intensified in the 
future. On the other hand, there are some points in the basin, notably 
on upper reaches of the main stream and at localized points in tribu- 
tary areas, where the high bacterial content of the streams causes: 
serious concern as to the safety and reliability of treated waters, even 
after use of the best-known methods of treatment. Acid discharges,. 
mainly to upstream tributaries, and taste-, and odor-producing wastes, 
also cause damage to water supplies. These latter damages are more 
readily apparent to the layman than are the dangers of excessive bac- 
terial pollution. Outbreaks of gastroenteritis indicate what can occur 
when stream conditions are adverse or operation of treatment plants 
is ineffective. 

129. Navigation and hydroelectric power production both suffer to 
some extent from the wastes now being discharged into the streams 
of the Ohio River Basin. However, damage to these uses is negligible, 
except where pollution by acid mine drainage is severe. Acid wastes 
have been estimated to cause damages to the extent of more than 
$2,000,000 annually in the area upstream from the point where the 
Ohio River crosses the western boundary of Pennsylvania. Of this 
damage more than half is said to be to Federal and private navigation 
interests. Damage of this magnitude, as well as the adverse effect: of 
acid wastes on water supplies, much of which has not been evaluated 
because of its intangible nature, indicates that action to reduce acid 
waste discharges would be in the public interest. 

130. It may be said that use of the streams of the Ohio River Basin 
for waste disposal has progressed to a point where the propriety of 
using the streams for water sports has disappeared. Swimming and 
boating are practiced by a small fraction of the population, but cases. 
of typhoid fever and other gastric disturbances are repeatedly trace- 
~ able to the former activity. There are, of course, still some stream 
reaches, mainly in headwater areas, where fishing is worth while and 
where swimming is reasonably safe, but these reaches are in remote 
and sparsely populated regions which cannot serve readily any con- 
siderable portion of the population of the basin. 

131. Physical and economic limitations.—Physical and economic con- 
siderations are such that the complete elimination of wastes from 
streams is a manifest impossibility. Moreover, unlimited curtailment 
of the disposal of wastes by dilution would result in a needless sacrifice 
of the self-purification capacity of streams, which capacity is itself a 
valuable natural resource. It is obvious that the most effective social 
and economic use of public waters would not accrue if vital domestic 
and industrial activities were unduly curtailed by arbitrarily restrict- 
ing the waste-disposal use of streams for the benefit of desirable uses, 
such as recreation. A basic consideration in pollution-control activi- 
ties must be the fact that the waste-disposal use of streams has become 
an important factor in the economic existence of the people. However, 
even in the face of this compelling use, it is unlikely that the publi¢ 
welfare has been best served in the Ohio River Basin when numerous 
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sources of public water supply are dangerously polluted, important 
tangible damages to other vital water uses can be demonstrated, and 
aquatic recreational facilities, specifically bathing and fishing, have 
been virtually destroyed for mass enjoyment. 

132. The pollution of streams has been a gradual process, increasing 
in intensity with domestic and industrial growth, with the result that 
the attendant technical, financial, and administrative - difficulties 
have frequently been at hand prior to public realization that a serious: 
problem existed. These difficulties have discouraged the planning 
of a solution of adequate extent. The conclusion seems inescapable 
that irresponsible dumping of wastes, which has been the general 
rule in the basin in the past and continues to be the rule in many 
sections of the basin, has not resulted in the most effective use of the 
public waters of the Ohio River Valley, and does not accurately 
reflect present public opinion or desire in the matter of pollution 
control. In view of this, it appears that public welfare may be 
served by provision of pollution control works which will permit the 
maintenance of higher standards of stream quality than now obtain. 
The most nearly applicable set of standards for a specific stream reach | 
must be established in the light of the uses of the reach, each use being 
weighted with consideration for its relative importance to public 
welfare. It should be pointed out, however, that appreciable progress: 
has been made in providing correctives in some parts of the basin. 
As a matter of fact, if the rate of progress in correction which pre- 
vailed during the period 1935-40 were to be resumed after the war, 
20 more years would witness completion of the suggested program. 

133. Since streams can assimilate a certain amount of pollution 
without undue adverse effects on their established or desired use, the 
program for improvement should contemplate the removal of only 
that part of pollutive substances which the streams cannot assimilate. 

134. Water quality characteristics —The behavior of streams subject 
to pollution, and the quality of the waters therein, have been studied 
extensively in Europe and in the United States. As a result, desirable 
characteristics of stream quality pertinent to specific water uses have 
been gradually established. These characteristics have been described 
in a preceding report section and are summarized in table 7. They are 
& good résumé of general experience and, in particular, of exhaustive 
Studies and surveys in the Ohio River Basin. In general, the main- 
tenance of at least the limiting minimum water quality characteristics 
of table 7 is considered a desirable goal of pollution abatement activi- 
ties in the Ohio River Basin for localities where the maintenance of 
these standards will be of benefit to present and probable future water 

Ses, 
135. The limiting requirements are as follows: 

Coliform bacteria per milliliter: 
Not over 200 in more than 5 percent of samples. 
Monthly average not over 200. 

Dissolved oxygen content, parts per million: 
Monthly average not less than 5.0 (see note on table 7). 
Daily average not less than 3.0. 

5-day biochemical oxygen demand at 20° C, parts per million: Monthly 

average not over 5.0. 

pH value: 

Not less than 4.0. 


Not more than 9.5. 
Phenol content, parts per billion: Not over 10.0. 
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136. Where present conditions are such that a reasonable degree of 
pollution control would make recreational use of streams available to 
large centers of population these standards should be raised. 

137. The means of satisfying the outlined requirements, or higher 
ones where applicable, is the regulation of waste disposal into public 
waters. Waste-disposal regulation should seek to place the points of 
waste discharge where they will do the least harm and should seek so 
to limit the volume and concentration of wastes that damage to 
public interests at downstream points will be minimized. Proper 
correlation of water uses with water-quality standards will permit such 
regulation without serious inroads upon essential waste disposal use 
of streams. The need for regulatory measures extends to both 
existing and future sources of pollution. 

138. Summary.—The objective of pollution control activities is the 
regulation of waste disposal into public waters, such that standards 
of water quality may be maintained which are commensurate with 
stream use in specific localities, to the end that the greatest possible 
yield of public benefits will accrue. 


LX. ATTAINMENT OF OBJECTIVES 


139. The difficulties which hamper pollution-abatement activities 
are technical, financial, and administrative. 

. 140. Technical difficulties —Technical difficulties in pollution abate- 

ment are mainly those of industrial waste control. These arise be- 
cause there are no known satisfactory methods of treatment for some 
wastes and because other wastes, including acid-mine drainage, re- 
quire complex treatment; or the methods must be so extensive as to 
render adequate control extremely tedious and frequently only par- 
tially effective. However, most wastes, including both domestic 
and industrial, are subject to treatment by well-established and not 
unduly expensive methods. Further research and experimentation 
with new methods of waste treatment should improve and extend 
technique to a point where such technical difficulties will no longer be of 
serious consequence. 

141. Designation of a governmental agency to act as a clearing 
house for information on waste treatment methods and to conduct 
research where necessary would help to effect an early solution of 
“remaining technical problems. In addition, it would be impractical 
to undertake full regulation of stream pollution, on as large a scale as 
Ohio River problems require, without the sound technical background 
which could be supplied by such a governmental agency. 

142. Technical difficulties also result because of practical and 
economic limitations on the degree of pollution control which can be 
applied in specific cases. In localities where residual waste concen- 
trations will continue to be excessive in spite of the application of all 
reasonable corrective measures, controlled waste disposal probably will 
be the predominant stream use unless the responsible domestic of 
industrial activity is curtailed. An engineering solution is rendere 
difficult because many pollution damages and pollution abatement 
benefits (or damages) are not susceptible to evaluation and, as a result; 
a satisfactory comparison between the cost of abatement works an 
anticipated benefits cannot be set forth. However, the situation 1 
not unusual in the construction of public works, and its solution in thé 
United States customarily is to provide, as equitably as possible, ®@ 
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persons concerned with an opportunity to express their views by direct 
vote or by public presentation of supporting information. It appears 
that this portion of the technical pollution-abatement problem must 
find its solution in an administrative arrangement which will permit 
the interested public to choose between use of certain streams for 
controlled waste disposal and curtailed activities. 

143. Financial difficulties —Financial difficulties in pollution abate- 
ment are mainly those of equitably distributing the cost of abatement 
works. The first serious difficulty arises from the fact that, with few 
exceptions, benefits to be obtained by regulation of waste disposal 
cannot be evaluated with sufficient accuracy to permit a satisfactory 
economic analysis of specific projects. While it is true that in some 
industries byproducts of value result from waste regulation and offset 
a part or all of the cost of regulation, and that in certain localized 
areas control of specific wastes may be economically justified in terms 
of benefits to downstream water users, in general the readily evaluated 
benefits of pollution control works are but a small part of their cost. 

144. A second financial difficulty is that sources of pollution, which 
might reasonably be expected to bear the cost of regulating their own 
waste disposal, are usually not the recipients of the major portion of 
the improvements to be realized by such regulation because these im- 
provements most frequently occur at downstream points. While it is 
true that some communities, considering the benefits worth the costs, 
have solved purely local pollution problems at their own expense, this 
has not been a common occurrence in the Ohio River Basin. There 
are noteworthy cases in which polluters have resisted efforts to regu- 
late their waste disposal on the basis that others alone would benefit 
from the expenditures required. 

145. The effects of the financial difficulties cited are to destroy all 
cogent economic incentives for polluters to solve their own problems, 
and to make it difficult for those damaged by stream pollution to 
obtain relief. While common law recognizes the right of riparian 
owners to clean streams and it is the right of such owners to sue 

olluters and collect damages or require abatement of pollution, as 
héshtoforn stated, the damages are usually difficult to evaluate and 
prove and, furthermore, the courts recognize a well-established com- 
munity or industry as favorable to the public welfare, even though it 
may be a gross polluter. The result is, more often than not, that, 
such polluters are not disturbed, or are required to pay relatively 
small damages, neither of which alternatives accomplishes any 
pollution abatement. 

146. Statutory limitation of the bonding and taxing power of many 
communities has frequently been mentioned as a financial difficulty 
hampering progress in domestic pollution-abatement activities. _How- 
ever, it is believed that this difficulty is not basic in nature and may 
readily be overcome at such time as the public desires the expenditure 
of public funds for pollution abatement. 

147. There are several basic considerations which underlie the 
problem of equitably d'stributing the cost of pollution abatement 
works. Among these considerations it may be contended that indus- 
tries exist only in response to public demand for their products and, 
therefore, that the public is indirectly responsible for all stream pollu- 
_ tion, both industrial and domestic, and ultimately must bear the cost 
of all pollution-abatement activities, either by direct expenditures or 
Partially by direct expenditures and partially im, the form of increased 
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costs for industrial products. In lieu of expenditures for pollution 
control, it appears that the public must accept stream pollution or 
forego the practice of activities, either domestic or industrial, which 
bring it about. ; 

148. Had the beginnings of waste disposal and waste-disposal regu- 
lation been concurrent in the United States, it is probable that each 
polluter would have borne the cost of his own waste-disposal prob- 
lems, and that a thoroughly equitable distribution of costs would 
have resulted. It might be concluded from the foregoing statement 
that an equitable distribution of costs would result 1f each polluter 
was now made to stand the full cost of correcting his own waste dis- 
charges. This is not entirely true. Obviously, once established, a 
community or industry no longer has wide physical latitude with 
respect to waste disposal. Hence, a reversal of public waste-disposal 
policy at this late date would work a hardship on communities and 
industries which located under the present policy without regard to 
ease of waste-disposal correction if the full cost of indicated abatement 
works were to be carried by the pollution sources alone. 

149. A sound financial policy must recognize these factual situa- 
tions. It serves no useful purpose arbitrarily to declare that a 
riparian owner has a right to clean streams above all else, and there- 
fore others must pay to make them clean, because if there has been 
any benefit to the Nation as a result of the unregulated discharge of 
wastes which has prevailed, this benefit has been in the form of aid 
to national expansion and, hence, has benefited all, including riparian 
owners. On the other hand, where damages occur as a result of 
stream pollution, a policy which contemplates irresponsible waste 
discharge is of economic benefit to polluters in an amount at least 
equal to the cost of providing a minimum of treatment. It is logical 
to conclude that an equitable distribution of pollution-abatement costs 
should contemplate their division between the polluter who has a 
definite responsibility in this connection, and the beneficiaries of im- 

rovements resulting from provision of pollution-abatement works. 

he present status should be reckoned as a starting point and the 
financial burdens should be apportioned equitably between these 
entities in proportion to their responsibilities and requirements. 

150. The lack of a provable economic basis for providing pollution- 

.abatement works is not likely to be a serious obstacle providing costs 
are properly apportioned among several interests rather than being 
concentrated on one interest. 

151. Governmental financial aid has been effective in the past in 
hastening the accomplishment of pollution control. Such aid should 
hasten completion of a comprehensive program for the Ohio River 
Basin. However, there are no elements in such a program, with the 
possible exception of mine sealing and supplemental low flow control, 
which could not be accomplished without governmental financial aid, 
providing public demand called for such accomplishment. 

152. Administrative difficulties. —Administrative difficulties in pol- 
lution abatement are the most serious encountered in the Ohio River 
Basin, mainly because of the interstate character of many of the 
pollution problems of the area. However, there is no reason t0 
suppose that tributary basin problems confined to a single State cannot 
be solved by action of the involved State alone, without administrative 
difficulty. 
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153. Many of the States of the Ohio River Basin have laws intended 

to regulate the pollution of their streams. These laws have had vary- 
ing but not outstanding success. However, they have demonstrated 
that pollution control within a State can be accomplished by State 
activities, and it appears that cases of ineffectiveness in State control 
can be ascribed partly to lack of public demand for effectiveness and 
lack of public willingness to bear the cost of regulation. Where the 
effects of pollution have become sufficiently obnoxious to create a 
strong public demand for correction, it almost invariably has brought 
about alleviation of the condition. In this connection, it may be 
stated that as far as is known practically no legislation promulgated 
by any subdivision of Government has accomplished the intended 
pollution abatement result unless there has been a public demand for 
that result. 
_ 154. Interstate stream-pollution problems are another matter. 
The administrative difficulties inherent in their solution have been 
recognized by many States, some of which have entered into compacts 
or agreements in an effort to solve these problems. 

155. The Potomac Valley Conservancy District was formed by the 
States of Maryland, West Virginia, Virginia, and Pennsylvania and 
the District of Columbia, to control the sanitary condition of the 
Potomac River insofar as it affects the several States. New Jersey, 
New York, and Connecticut entered into a tri-State compact to con- 
trol the sanitary condition of the tidal and coastal waters touching 
the signatory States. An interstate commission on the Delaware 
River Basin was formed by the States of Delaware, New Jersey, New 

ork, and Pennsylvania, to control the pollution of the Delaware 
River. The Red River of the North Drainage Basin Commission was 
formed by the States of Minnesota, North Dakota, and South Dakota, 
to control the pollution of the Red River of the North. The Ohio 

iver Valley Water Sanitation Compact was drafted by representa- 
tives of the States of Illinois, Indiana, Kentucky, New York, Ohio, 

ennsylvania, Tennessee, and West Virginia to control the sanitary 
‘Condition of the Ohio River and its tributaries which are interstate in 
character. This compact has not been ratified by a sufficient number 
of States to cause its adoption. 
. 156. While these compacts are intended to secure improvement of 
Mterstate waters, they are of doubtful efficacy because they do not 
®void the difficulty which has most hampered control SRT srs 

157. In part, the Ohio River Compact reads as follows: 

No such order (to wholly or partially discontinue the discharge of wastes) shall 
Lig effect unless and until it receives the assent of at least a majority of the 
5 Re missioners from each of not less than a majority of the signatory States; 
Stat ae such order upon a municipality, corporation, person, or entity in any 

ve shall go into effect unless and until it receives the assent of not less than a 
™ajority of the commissioners from such State. 

It is obvious that under this compact any municipality, corporation, 
eeton, or entity in any one State can block action of the commission 
a m that State if it controls a majority of the commissioners (2 
a of 3, a8 now proposed) from the State in which the municipality, 

"poration, person, or entity resides or conducts its business. 

S eeuas A fairly even balance among the interests of the several 
Doll es 1s essential to the satisfactory solution of interstate stream- 
ution problems by these States. Under present laws and compacts 

fre Is no such even mutuality of interests and, hence, the possibility 


, 
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of solving Ohio River pollution problems by the present interstate 
compact does not appear good. 

159. The following circumstances are believed to contain the ele- 
ments which are inimical to the solution of interstate pollution 
problems on the Ohio River. 

(a) There is no agency either of the Federal Government, or of a 
combination of the several basin States, which is in a position to 
administer interstate pollution abatement activities. 

(b) Due to the lack of such an agency, there is no means of initiating 
studies and proceedings which affect all of the interests involved in 
interstate pollution problems. 

(c) There is no present means of apportioning costs of pollution 
abatements works between both polluting agencies and interests 
benefited by pollution abatement. 

(2) There is no means of securing financial participation of local 
interests, although this could be accomplished through State govern- 
ments if other circumstances were propitious. 

(e) There is no assurance now that local interests will maintain 
and operate plants constructed for pollution abatement. 

(f) There is no way at present to insure that unregulated future 
sources of pollution will not be established which will offset improve- 
ments made in existing pollution sources. 

(g) There is no agency which can coordinate plans and contract 
arrangements for the construction of pollution abatement works, for 
the purpose of eventually attaining a complete solution in a manner 
which will be economical of public funds. 


X. Program OF IMPROVEMENT 


160. This section presents a comprehensive program of pollution 
abatement works for the Ohio River Basin. It contemplates control 
of pollution from all existing and future significant waste sources. 
The works named in the program would control significant existing 
pollution. Certain projects are suggested for initial construction. 
Administrative difficulties being discussed elsewhere, this section 
covers technical questions only. 

161. A means to insure adequate control of pollution from future 
sources is an essential prerequisite to the success and economy of 
widespread pollution control activities in the Ohio River Basin. 
In the absence of such control, regulation at existing sources of 
pollution will become inadequate in maintaining stream quality. 

162. Various means or methods are available to reduce the amount 
and effect of harmful suspended or dissolved substances before they 
are permitted to reach the streams. Prominent among these are 
screening, sedimentation, flocculation with or without chemicals, bac- 
terial action, neutralization, industrial recovery, evaporation, filtra- 
tion, and disinfection. They may be used singly or in combination 
depending upon the results to be desired. A primary treatment 
plant for domestic sewage usually consists of screening and sedimen- 
tation and removes about 50 percent of the suspended solids, 35 
percent of the biochemical oxygen demand and 25 to 50 percent of 
the pathogenic (disease causing) bacteria. Chlorination (disinfection) 
may supplant primary treatment and secure the removal of 90 to 
95 percent of the pathogenic bacteria. Additional facilities may be 
added to a primary plant to increase the degree of treatment. These 
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additional facilities are collectively known as a secondary treatment 
plant and the process known as secondary treatment. An activated 
sludge (bacterial action) plant, rendering secondary treatment and 
utilizing final sedimentation, filtration, and disinfection, will remove 
practically all harmful substances and bacteria. A plant in which 
primary and secondary treatment is combined is generally called a 
secondary sewage-treatment plant. 

163. Many industrial wastes may be collected in municipal sewerage 
systems but due to the fact that human wastes generally predominate, 
municipal sewage is known as domestic sewage and treated in plants of 
the type discussed in paragraph 162. For various reasons other 
industrial wastes are treated separately. Methods of industrial 
waste treatment are specialized and vary according to the nature of 
the industry. They include screening, flocculation, sedimentation, 
neutralization, industrial recovery, and evaporation. Very often 
methods similar to those for treating a domestic sewage may be used. 

164. The adyerse condition of streams in the Ohio River Basin is 
due to the harmful effects of wastes discharged therein. Industrial 
waste depletes the natural dissolved oxygen and imparts undesirable 
acid, alkali, odor, and taste characteristics. Domestic waste depletes 
the oxygen and contributes harmful bacteria. Mine drainage con- 
tributes corrosive sulfuric acid. Domestic waste dominates the 
sanitary condition of the streams as it contributes practically all of 
the pathogenic bacteria which are so dangerous to life and health. _ 

165. Survey results indicate (1) that the program for improvement 
should contemplate the initial construction of primary sewage- 
treatment plants at all significant sources of pollution from domestic 
wastes where the quality of water downstream therefrom is adverse to 
the safe and established use of the stream as a source of water supply, 
(2) that contributors of industrial wastes located in close proximity to 
the above significant sources of domestic waste pollution should con- 
currently provide approximately equivalent treatment to their wastes, 
and (3) that, if the inhabitants of the basin as a whole are to secure the 
maximum available benefits for a given expenditure, the program for 
improvement should include (a) the construction of secondary 
facilities to improve the degree of treatment at some of the sources of 
pollution discussed in (1) above, (6) the construction of secondary 
facilities at many existing plants, (c) the construction of new primary 
and secondary treatment plants at many other locations and (d) the 
construction of industrial waste treatment facilities throughout the 
basin giving a degree of treatment approximately equal to that pro- 
vided in nearby community plants. | 

166. Collection and treatment of domestic wastes —With the exception 
of interceptor sewers, collection works for sewage may be considered 
Property improvements, the cost of which should not be charged di- 
rectly to pollution abatement, although provision of such works prior 
to provision of sewage treatment facilities is essential. Separate 
Sanitary and storm sewerage systems are favored because of sewage 
treatment difficulties involved with combined sewers. It has been 
estimated that the probable cost of additional sewage collection 
facilities, and modifications in existing facilities, essential to comple- 
tion of the program of pollution control outlined herein, would be in 
the neighborhood of $100,000,000, not counting the cost of needed 
Mtereeptors. Summarized cost estimates for interceptor construc- 
tion are presented later in this section. 
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167. The domestic waste treatment measures suggested have been 
selected after study of the results of field and laboratory surveys. Cor- 
relation of data for individual waste sources on the volume and 
strength of pollutants, discharge characteristics of carrying water- 
ways, downstream water uses, and the self-purification capacity of the 
involved streams, with the findings of the laboratory survey, permitted 
determination of the degree of sewage treatment required to provide: 
satisfactory stream conditions insofar as this is possible. However, 
nothing less than primary treatment, embodying at least screening 
and plain sedimentation and necessary interceptor construction, has: 
been contemplated for the waste sources for which treatment cost 
estimates are contained herein. All significant sources of domestic 
wastes, including metropolitan areas and individual communities 
having 500 or more inhabitants were investigated in this manner,,. 
including those where treatment is now provided. Summarized cost 
estimates for community pollution control measures are presented’ 
later in this section. 

168. Collection and treatment of industrial wastes.——Control of pollu-- 
tion resulting from industrial wastes in the Ohio River Basin has. 
several major aspects, na:nely: 

(a) Collection of wastes for discharge to municipal treatment 
plants, or 

(6) Treatment of wastes by industries, prior to discharge to streams, 
or pretreatment prior to discharge to municipal treatment plants, and 

(c) Modification of plant methods and procedures. 

169. The cost of collecting wastes, and in a few cases of modifying 
methods and procedures within individual industrial establishments, 
is not included in estimates of the cost of the pollution-abatement 
program. However, where applicable, the estimated cost of con-- 
necting existing industrial waste sources to municipal sewer systems 
has been included. 

170. Selection of the industrial waste control measures suggested 
has been based upon studies of all significant waste sources, similar’ 
to the studies of domestic waste sources, and summarized cost. esti- 
mates for industrial pollution control measures are presented later in: 
this section. In general, when applicable, a minimum of industrial 
waste treatment equivalent in effect to primary sewage treatment. 
has been contemplated. Cost estimates also are included in certain 
cases for the control of inorganic industrial pollutants. 

171. Control of acid mine drainage.—Control of pollution by acid 
mine drainage requires continuance of the present mine sealing: 
program. Cost estimates are included for an initial program wherein 
unit sealing costs are to be limited to a maximum of $10 per ton year 
of acid producing capacity sealed and to mine areas not connected 
to active ventilating systems. In order to expedite the sealing of 
future sources of acid mine wastes, it is suggested that an effort be 
made to correlate state mining laws to the end that mining procedure’ 
may be adopted which will be favorable to mine sealing operations... 

172. Low-flow control.—Provision of low-flow control in the Alle-. 
gheny and Monongahela River Basins is required to permit full 
realization of the benefits of mine sealing. It will add to the beneficial 
effects of other waste control measures. Low-flow control may be° 
satisfactorily and most economically accomplished as an incidenta) 
feature of the operation of reservoirs provided primarily for other’ 
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purposes, such as flood contro] and the production of hydroelectric 
energy. Under such circumstances, low-flow control may be obtained 
at comparatively slight cost. On the other hand, provision of reser- 
voir capacity for the sole purpose of flow regulation is not economically 
feasible at this time. Because advantageous development of the 
water resources of the Ohio River Basin usually contemplates pro- 
vision of low-flow control as a low-cost incidental reservoir function, 
rather than as a primary reservoir function, and because its provision 
is largely dependent on the need for flood control and power storage, 
cost estimates for such facilities have not been included herein. If 
storage capacity is provided in the Allegheny and Monongahela 
River Basins for low-flow control only, and in the quantity indicated 
as being best as a supplement to other methods of pollution abate- 
ment, the first cost would be about $20,000,000. 

173. Physical aspects and estimated cost of the pollution-control 
program.—Tables 12 and 13, herewith, present pertinent physical 
aspects and cost estimates for the outlined pollution-control program 
for the Ohio River Basin. The program is set up without regard 
for possible sources of funds for its prosecution. The basis of the 
program is that every damaging source of pollution is now susceptible 
to some degree of abatement. It contemplates corrective measures 
at all existing significant pollution sources. Summarized cost esti- 
mates for these are included. Estimates of the cost of controlling 
future sources of pollution are not included, for obvious reasons. — 


OHIO RIVER POLLUTION CONTROL 


56 


009 ‘TZ0 ‘T | 008 ‘S16 | 009 ‘oso 008 ‘669 ‘L | 002 ‘StS ‘2 | 000 ‘908 F 066 | SOL | OFE | Sto 9F8 ‘STS ‘ST DOG FE0G MPT RR tet Es ese pay '2 wi reaming) NY 


0 0 0 004 ‘ese | 000‘0LT'S | 009 ‘810% | TIT 0 0 Il LSI ‘LIL Gz ‘ ce DEER. ES orp JEATY OTYO 
000‘se | oos‘6e | oog‘ze | oo¢ ‘09 00% ‘SF 009821 | SF g & LI Zoe ‘e8e ‘I }| ose = {|--------se-sosseoseseee selse ng} JOUT 
OOL‘E8T | 002 ‘19T | 000‘9TT | 006 ‘029 000 ‘16F OOF ‘828 OIL 6 Lg +9 866 ‘16F °% OUR DEY Ar ten aunt. ee Ply oe Be sonditens § 
OOT ‘z9 000 ‘89 | 008'2E | 009 ‘ERz 000 ‘20% 002 ‘FEL #8 g si €I G00 ‘621 ‘T OUR SL) Se er ee eee Pe puepedumo 
008 ‘STS | OOT ‘29% | 008 ‘EFT | 000 FIE 006 ‘G1 008 ‘CT 98T ¥ raat 0¢ 869 ‘808 OOLCPE:. feo ss ca: ks ata ah Sh = 
002 “21 OOF ‘ST | 002 ‘2 002 ‘IT 006 ‘2 002 ‘€ 8 L L 6 G68 ‘hhh 15) OE got Siete eee SMa Ave 7 
002 ‘2 000 ‘9 002 ‘8 0 0 Ds 8 T L 0 898 ‘681 eatery tor es ee eee eae as. a an 
008 ‘8% 008 ‘0% | OOS‘AT | 008 ‘Fe 000 ‘0% 008 ‘8T rat g L € 696 ‘ISP ee eo hs re ae Per Aan TOL 
00€ ‘os 0006 | 000'8% | 004 ‘80T 000 ‘0OT 002 ‘66 ae L gi L 18h ‘0&8 oy SP ge fale SRM a Ss igi 
008 “&% 001 0% ~=| 008 ‘SE =| 008% 008 °% 002 ‘T ia’ I II z EFI ‘OAT WE Tei aie a FO get Daa pa 
008 ‘9 000 ‘9 002 ‘“* 008 ‘¢ 000 ‘¢ 006 % #1 g 8 g PLE ‘SEL SERS) chs de ees dperes swe ey cee 
000 ‘eT 009 ‘IT | 00g ‘9 006 ‘9T 008 ‘61 009 ‘¢ 0g 8 7 81 TSS ‘682 OUP EY trae Seu ee ee oS 
000 ‘6 00L ‘2 000 ‘2 000 ‘2¢ 000 ‘Ig 009 ‘98 2 0 z 0@ S06 ‘TIF ORE: Tc. eee ee eee vost Apuus td 
0 0 0 002 ‘2% 008 ‘8% 004 ‘61 rat 0 0 81 196 ‘81 TT OE igs Sat Te iba eon Ris Hype 
009 79 008‘ | 00S ‘ZE | _006 ‘6ZT 002 ‘IFT 006 ‘IST 1g 9 91 ge Sh8 ‘FES gh ae CTS, ALR ie A. OATH SUA EUS SL 
009 ‘ 003 ‘% 00F ‘% OOT ‘ge 008 ‘Sz 000 ‘Iz 8 i z g G99 ‘eIT ln Sei eal saactas Tar Oe aa pate ate ft 
0 0 0 006 ‘¢ 008 ‘g 008 ‘g 8 j 0 9 S98 %6 Wee Wicca ces eo esl, eee ee ee 
008 22 000‘T9 | OOF ‘8h | 000 ‘ZT 006 ‘90T 002 ‘88 eg 6 0% 8% 820 ‘18 OMe te ee eres jee Pe cenaaTAST IN. 
002 ‘2 002 ‘9 008 ‘g 006 ‘198 000 ‘¢6z 00E ‘862 l@ 8 g ia’ 89E ‘SEL, Wee ae atk eee 
000 ‘SOT | 00 'ZOT | 008‘%6 | OOS ‘OLF OOI‘F9L_ | OOF ‘E891 | EB I 91 99 RO D0G LORE Bae. tee ee See Le daa oat 
00F ‘OL 009‘8S | 006°L8 | OOg ‘98¢ 00F ‘898 00g F991 | 0OT L L 98 $69 ‘YE 'T O€L ‘IT ry Aueysel[V 
snsusd pelaMes pelaMes 
usIsod. OFGT ‘MON usIseq | SNSt90 OF6T MON Se a Pes 
& TOL |-g,o1dury| -puooag Nd 
Arepuoosg Arewmlig (soqrat 
erenbs 
Snsue0. OFT Bole : ulseg 
poeafoaur uonepndog : sjueyd Jo 1equinN uonemndog oae 
-ulviq. 


quem} 8814 [Bdloron Py 


JO1jU09 uoTINI[od Jo ureIs01d peysessng 


57 - 


OHIO RIVER POLLUTION CONTROL 


“BIUISILA Ul SOUTUI Peygissepoun ur0I IBVA Jod SMO OLN‘TI SOPN[OUT + 

*19Y930] UMOYS SIOATY SuTyooOR pu’ uMsurysny ¢ 

*, JOOP JOATY O1YO,, 1epuN pepNyouy st VoIB 4.100 MON-U0}ZUTAOH Jo uoryerndog ; 
‘squid I0ATY O1YO Ul peades oq 0} UOTIB[Ndod sUIOS SepNpoUy 1 _ 


“surstq [[e UT oNTeA Jo [oryU0D Moy MOT | 692 ‘Z99 aued ie on} ---suyseq tv | 00z‘F99‘2 | oos‘tes‘9 | ooz‘coz‘t | 00 ‘se0‘E |r7777-77 P0.L 
asa Centar Ae ds A ani ae Seo See meen | Sepeg 1S REIS i 6 
5 * : 
OLL ‘OT Oog ‘189 | OOT ‘OTS ~—|_ 000 “6a, As ele i RRR RRESARY JOATY assouua ], 
020 ‘86 OOF ‘69% | OOS ‘SAT =|: OOF 6 ere DALY PUBLIEqUING 
£0F ‘08 OOS ‘F10‘T | OO'Z8L | O09 | 006‘GER = |-~7 ~~~ TTT JOATH USEQE AM 
OFT ‘€% 008 ‘SF 009 ‘6z 000 ‘sz Dae tee JOATY W00IH 
n Sapte pice eax pI belgie 002 ‘Or 006 ‘ 002‘ 002 ‘L ............_ Se ee 
oz ‘6 008 ‘26 OOF ‘es 002 ‘1¢ | CD ile 5 SeE NT wary Ayoniuey 
Tele (hi = Fa he 00L ‘Sz | 00 ‘86T O0L ‘98 000 ‘TL ae 
Rap ATE pe Fe CRB Ep ey 009 ‘Ig 008 ‘0z 000 ‘6 008 ‘9 SS. ee 
nee, HOBIE -=+ ete S24 COT Ie 006 '92 008 (02 00T ‘6r Fegeiaens clean 
ig mle br Le SRR a LS a ee ee 
oge ‘I 008 ‘ez 002 ‘6T 0 _. 2D peers JoATY JOpuBANIE) 
OL % 000‘96T =| 009 ‘szT 000 ‘21 Ro Teoria DALY BYMBUTY 
(s) 000 ‘6z 008 ‘4Z 007 ‘T aay 6b eR eR JOATY BUTYOOH 
og 00S ‘oT O0T ‘OT 000 ‘¢ |, hele TOATY BYMVUBY OFT 
000 ‘61 s 006 ‘Zee =| OOB‘yIE =|: OOO “cst = | OOS ‘OST. = 77777777 JOATY UINBUTYSN AL 
‘od 00s ‘9 OOT ‘ose — | OOL‘6zE ~— |: OOF “8 Lay Sf era. JoATY Joavog 
“pajsedans [ory MOY MOT [BUOTIIPPY | 089 ‘S6T 008 ‘888 | 006 ‘T1081 | 008 ‘IZ ——r vi JATY BlOYBsTOUO 
“poysadsns [oI}U0d MOY AO'T | ON6 ‘FOT 00 ‘666 O08 ‘T6L1 | 008 “LL EES bs 5 coset Cunaenencaiagane te Joary Auoysorry 


$$ | — | | | — 


pojoou 
snsuad 061 | -w0o 10 pa | snsueo oFet | __ POU 


caen aad ; -19MOS MONT ~U0? BO, 
ae arnbed W014 
-uoj aad gig | Pet i paanbex 
SyIVUIoY Jo 4800 eSviaae | “909 orsh | worjonsysu09 1830. syuom0A ord] 
xo} eaoarer | ytd opm | soadeoropuy | ————__t sees 
ks Bg ae peajoaur uo1yeindog 
peo ploe eulyy 


900385—43—pt. 1——_5 


quomiyeel} [edioranyy 


{013009 WoT4NI[od Jo weIZ0I1d peysessng 


Ne ee eT OOO 


TABLE 13.—Economic aspects of suggested program of pollution control,! Ohio River Basin 
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Estimated cost of suggested program of pollution control (dollars) 


Estimated capital cost 
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174. The portion of the program devoted to existing waste sources 
contemplates, provision of 545 new primary and 340 new secondary 
sewage-treatment plants, improvement of existing sewage-treatment 
facilities at 105 localities, interceptor sewer construction, mine 
sealing, and independent industrial waste correction where needed. 
A total of approximately 6,551,800 persons are now serviced by sewers 
in the affected places, and the 1940 population involved is 7,664,200. 
Accomplishment of the program would of necessity be a gradual process. 

175. Cost estimates in table 13 are based on a review of cost expe- 
rience in the eastern United States during recent years. Separate 
estimates were made for each correction suggested but, in general, 
these were not based on detailed engineering surveys. Thus, individ- 
ual estimates are subject to error, but the summarized estimates 
shown are considered to be a good indication of the probable cost of 
accomplishing the suggested program at mid-1942 prices. 

176. Annual costs were computed on the basis of amortization per- 
iods of 40 years for interceptors, 20 years for municipal treatment 
plants, and 10 years or less for independent industrial waste correc- 
tions. The interest rate used is 3% percent for municipal construc- 
tion, and 5 percent for industrial construction. Annual costs for 
interceptors and sewage-treatment plants were computed at the lower 
interest rate. 

177. The cost of controlling pollution, including provisions of 
interceptor sewers, but exclusive of community sewerage systems, is 
estimated to be $179,430,000. This includes a 15-percent allowance 
for engineering and contingencies. Annual charges are estimated at 
$18,407,000 (table 13), or about $1 per capita when distributed over 
the total population of the basin. However, it should be noted that 
“total population” includes the population of communities which 
have‘already provided treatment. Costs are distributed as follows: 


PE” The OUI ian 1 ella aR ERE pap ae y trepal ay Seperne mornm peereymegeg $75, 010, 000 
Pnitereeptors;|. 4 RSet epee el eo eae Cee SE. 85, 330, 000 
Subwtalei3- 22 8 La a eet BA 160, 340, 000 
Independent industrial-treatment.-.—-.-.-...----------..-----. 13, 580, 000 
Mine sealing s.: 6% 2 See SoG oo cso. 3 Sais e deena oo 5, 510, 000 
Subtotals. ie stiaeut t4e5 5205 6 ous bdwk pee tee Se Sse. 19, 090, 000 
OUR deh daha k hale phair wdhelahed aha be ralwedig sew oa J 179, 430, 000 
Annual charges are distributed as follows: 
Municipal treatments: & cane bse bee ee eee ---.-- 25---.-- $9, 309, 000 
DDO Ealide tin nna dons isictia cecacc cecenne st beekdab ebeen-4 4, 005, 000 
oe ee te Soper got J yah nce ary rag an ae ea ee 13, 314, 000 
Independent industrial treatment----....---------------------- 4, 267, 000 
Blind WARNS so sss SR Ie Cie ape bss ec cute s lus 826, 000 
TS SORA EAD P52 8G ERE oa po RENO? EAE ES CES a Se 5, 093, 000 
DOtdl 4 coe snes ain bo re sien ls ann se sees = p+ - 22h + 8. 18, 407, 000 


178. Per capita annual charges for the first two items in the fore- 
going tabulation (municipal treatment facilities and interceptor 
sewers) average $1.70 for the entire basin, based on the present popu- 
lation of communities to be served. 

179. Estimated per capita costs range from $0.90 in the Allegheny 
River Basin to $2.60 in areas immediately adjacent to the Ohio River: 
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The following factors are of importance in determining these costs: - 
the extent and distribution of community development in the various 
sub-basins; stream-discharge characteristics; industrial waste loads 
to be treated with community wastes; and predominant stream uses. 
In general, sewage treatment facilities may be provided for per capita 
costs in rough inverse proportion to community size. However, in 
large communities, interceptor construction is frequently expensive, 
and treatment plant sites difficult to find, resulting in increased unit 
costs which offset the savings otherwise inherent in large plants. 

180. The estimated cost of the facilities at Pittsburgh, Cincinnati, 
and Louisville is $42,580,000, being 60 percent of the cost of con- 
templated facilities along the main stream, and 27 percent of those in 
the entire watershed. If all of the Pittsburgh metropolitan area were 
regarded as a main stream community the total estimated cost for the » 
' Pittsburgh, Cincinnati, and Louisville areas would be $60,900,000, 
distributed as follows: 


Pittsburgh (metropolitan area)___._..-----------_------------- $35, 900, 000 
Gibinnstisinsaseoisvadibluduws= st osieeni i boudlivesihatedss 19, 000, 000 
{ST ee | PAA te TE Aer aE ELS 7 | lect ito eae Se eee seat et 6, 000, 000 

etae i. Od. GU a ie sO ate 60, 900, 000 


181. The mine-sealing program outlined could be provided for an 
estimated annual cost of $826,000 (operation and maintenance, 
$595,000; amortization and interest, $231,000; table 13) or about 
$0.04 per capita when distributed over the present total population 
of the Ohio River Basin (18,816,000, 1940 census) or about 4 mills per 
ton of coal produced. Maximum annual per capita charges, based on 
total subbasin populations, would be experienced in the Allegheny 
and Monongahela River Basins, and have been estimated as $0.18 
and $0.19, respectively. : 

. 182. The estimated cost of the outlined program for independent 
industrial waste treatment, if borne by the general public, would ap- 
proximate $0.23 per capita per year based on the total population of the 

asin. Estimated costs for individual basins would vary from zero to 
$0.51 per capita per year, depending on the volume, extent, and type 
of industrial activities involved. 

183. If it is assumed that the public eventually must bear the cost 
of waste control measures, either directly or indirectly, the previously 

entioned average annual per capita cost of $1 may be considered 
{pplicable. The distribution of expenditure would be as follows: 


NG OAT, A a An emir $0. 73 
REPAY WeRINONL Ur 8 o.. aot sone sacar n cs ob ne autres eee . 23 
wrcrpermmunrc. ULL Yi. @OR See Pe A ee be See . 04 
Weal. Griatics soeasiies ull fo ae wit. Be 1. 00 


erty figures must be used with great caution because they are based 
wh: total population,’ which includes the population of communities 
Ich have already provided treatment. 

ge Probable accomplishments of the pollution-control program.—The 
thee am of pollution control outlined in this report section would 
pornelly improve the streams of the Ohio River Basin for all im- 
face ent water uses. Anticipated results may be classified as “satis- 
contad) control” and “limited control.” In general, “satisfactory 
dass would result in maintenance of “desirable” standards of 
ows quality (see table 7) commensurate with water use, while 

ited control” would result in partial amelioration of present 
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‘ objectionable conditions commensurate with the technical limitations 
of waste treatment methods and with the needs of the people in other 
directions. 

185. The program would reduce bacterial pollution sufficiently to 
insure the safety of efficiently treated community water supplies 
from surface sources. In general, satisfactory control would result, 
and average coliform bacteria densities would not in any month exceed 
50 per milliliter at water supply intakes. Taste and odor troubles 
resulting from industrial waste pollution and hardness and acidity 
resulting from acid mine drainage would be materially reduced. 

186. Industrial water supplies and navigation and water power use 
of streams would be improved by the program, largely as a result of 
mine sealing. The degree of control would vary from ‘‘limited”’ to 
“satisfactory,” and major benefits would accrue in the upper tributary 
areas of the Ohio River Basin. Improvement of limited extent would 
occur in the lower Monongahela River where monthly average 
acidities as great as 33 parts per million have been observed. It is 
anticipated that the outlined program would reduce peak monthly 
average acidities, by 19 parts per million, to about 14 parts per million 
in this reach, 

187. In general, agricultural water supplies would be made suitable, 
or improved, for stock-watering purposes. Satisfactory improvement 
would not be universal because of such exceptions as small tributaries 
locally polluted with mine acids. 

188. Recreational facilities would be benefited by the program 
largely as a result of the control of bacterial and acid pollution. The 
safety of waters now used in an organized manner for swimming 
would be insured, subject to reasonable local inspection and regulation. 
Limited improvement would result in other stream reaches. Fish 
life would be protected and, in many instances, restored. Animprove- 
ment of the latter type is anticipated on the lower Allegheny River. 

189. The program would also improve general sanitary conditions 
and, with few exceptions, would result in the maintenance of “‘ desir- 
able” characteristics of stream quality in this respect. 

190. The first step in the foregoing plan should be directed toward 
the control of pollution at those communities whose wastes adversely 
and dangerously affect public sources of water supply. 

191. About 30 sources of water supply, taken from the Ohio River 
proper and serving about 1,660,000 people are endangered by the 
disposal of wastes to the stream. Listed below are those main river 
locations where treatment of wastes is necessary to adequately protect 
water supplies of downstream communities. "While grouped in order 
and extent of pollutive effects, all locations are considered of equal 
importance in the initial program for abatement: 


Group 1: Gud 3: : 
Huntington, W. Va. ortsmouth, Ohio, 
Catlettsburg, Ky. Weirton, W. Va. 
Ashland, Ky. Steubenville, Ohio. 

On: Owensboro, Ky. 
Ironton, Ohio. Group rs 

Group 2: incinnati, Ohio. 

Pittsburgh, Pa. (Allegheny County Louisville, Ky. 
area). roup 5: 

Ambridge, Pa. Wheeling, W. Va. 

Aliquippa, Pa. Evansville, Ind. 


East Liverpool, Ohio. Parkersburg, W. Va. 
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192. Pollution abatement in the areas listed in group 1 is necess 
if the raw public water supplies in the Huntington to Portsmou 
reach of the Ohio River are to be brought up to the standards fixed 
by modern sanitary engineering. The work suggested in groups 2— 
and 3 is also essential, because of present excessive bacterial pollution 
of raw public water supplies. Group 4 communities discharge wastes 
in sufficient volume to fix the sanitary condition of relatively long 
stream reaches. Hence, improvement is also necess at these 
points. Group 5 communities are situated so as to fix the sanitary 
condition of comparatively long stream reaches, although they do 
not effect such severe downstream damages as does pollution from 
areas of the foregoing groups. Improvements in group 5 seem required 
i any comprehensive plan for improvement of the main stream. 

193. A program of mine sealing, as outlined herein, should parallel 
the foregoing improvements. 

194. It should not be implied that tributary basin pollution prob- 
lems should wait for solution on abatement progress on the main 
stream nor, on the other hand, should the converse be true. How- 
ever, while tributary problems in many instances are severe, their 
extent is usually localized and populations damaged are usually small. 
Severe tributary problems include the following: 

Johnsonburg-St. Marys-Ridgway area, Clarion River, Pa. 
Youngstown District, Mahoning River, Ohio. 

Canton-Barberton- Massillon area, Tuscarawas River, Ohio. 
Charleston District, Kanawah River, W. Va. 

Columbus-Chillicothe reach, Scioto River, Ohio. 

Dayton-Hamilton reach, Miami River, Ohio. 

Terre Haute, Wabash River, Ind. 

Muncie-Anderson-Indianapolis reach, West Fork White River, Ind. 
Nashville District, Cumberland River, Tenn. 

Canton District, Pigeon River, Tenn. 


195. Listed below are those locations along the tributaries where 
Waste treatment is necessary to protect the water supplies of one or 
More downstream communities. While the pollutive effects are not 
4s extensive as those of communities on the main river, treatment 
acilities are just as essential and should be included in the first step 
Of the program: 


Girard, Ohio. Chattanooga, Tenn, 
‘les, Ohio. Knoxville, Tenn. 
idney, Ohio. Nashville, Tenn. 

Y arren, Ohio. Charleston Area, W. Va. 
Oungstown area, Ohio. Elkins, W. Va. 


Industries at Canton, N. C., and Johnsonburg, Pa., contribute severe 
Pollution from pulp and paper mills which adversely affects water 
Supplies. Corrective measures should be taken just as soon as 
Teasonable methods of treatment are available. 


XI. ConcLusions 


b 196. Practically all streams in the Ohio River Basin are polluted 
domestic and industrial wastes while some have severe corrosive 
“Aaracteristics imparted to them by acid mine drainage. The degree 
Pollution varies from gross nuisance conditions and menace to life 
health to conditions adverse to special uses of the streams such 
Swimming. A program of improvement has been developed from 


64 OHIO RIVER POLLUTION CONTROL 


the survey which is considered essential and justifiable. The improve- 
ment, if completed, will secure conditions more suitable and safe for 
the many uses imposed on the streams. 


A. MAIN OHIO RIVER 


197. The Ohio River proper is polluted to such an extent that 30 
sources of public water supply, serving about 1,660,000 people, are 
endangered. The threat to life and health is real as even now the 
coliform bacteria counts often exceed that considered safe for a source 
of water supply even though treated in a modern plant. The escape 
of certain disease-causing bacteria, viruses or substances from the 
water-treatment process, or the slightest failure in the process itself, 
may result in a serious epidemic. 

198. Findings indicate that sufficient control and abatement. of 
pollution should be undertaken to protect properly these sources of 
water supply. This protection, as well as the attendant improvement 
of the general sanitary conditions of the Ohio River, more than 
justifies the cost of the necessary abatement program. The minimum 
degree and extent of treatment necessary to secure the desired pro- 
tection consists of the removal of approximately 50 percent of the 
suspended solids and. 35 percent of the biochemical oxygen demand 
from all sewage entering the river from significant sources, with 
chlorination of these effluents where further reduction of the bacterial 
content is necessary for the protection of water supplies. It is there- 
fore essential: 

(a) That primary sewage treatment plants, with chlorination where 
necessary and the necessary interceptors, be constructed at the fol- 
lowing cities and adjacent metropolitan areas: 


Evansville, Ind. Steubenville, Ohio. 
Ashland, Ky. Aliquippa, Pa. 
Catlettsburg, Ky. Ambridge, Pa. 
Louisville, Ky. Pittsburgh, Pa. 
Owensboro, Ky. Huntington, W. Va. 
Cincinnati, Ohio. Parkersburg, W. Va, 
East Liverpool, Ohio. Weirton, W. Va. 
Ironton, Ohio. Wheeling, W. Va. 


Portsmouth, Ohio. 


(b) That the wastes of industrial plants located within the limits 
of the above-named cities and metropolitan areas, which cannot be 
accommodated in the municipal treatment works, be treated to @ 
degree comparable to that provided by the cities. 

(c) That extensive study and research be given to those industrial 
wastes now difficult to treat in order to find practical methods 0 
recovery or of treatment at reasonable costs. 


B. OHIO RIVER TRIBUTARIES 


199. The pollution of a number of the tributaries is as severe or eve? 
more severe than the worst reaches on the main Ohio River. The 
effect of such pollution, however, is for the most part local and has 
little importance on the Ohio River proper. Certain established wate! 
supplies are endangered and corrective measures, similar to thos 
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necessary for the cities and industries on the Ohio River proper, should 
be undertaken at the following cities and adjacent metropolitan areas: 


Girard, Ohio. Chattanooga, Tenn. 
Niles, Ohio. Knoxville, Tenn. 
Sidney, Ohio. Nashville, Tenn. 
Warren, Ohio. Charleston, W. Va. 
Youngstown, Ohio. Elkins, W. Va. 


Industries on the Pigeon River at Canton, N. C., and on the Clarion 
River at Johnsonburg, Pa., contribute severe pollution from pulp 
and paper mills. Continued intensive research directed toward the 
- development of better disposal methods is essential if those streams 
are to be restored to better condition. Abatement of pollution at 
those two locations is not included as an initial objective. 


C. ACID MINE DRAINAGE 


200. All streams throughout the coal regions of the Ohio River 
Basin are badly polluted by acid mine drainage. Sealing of abandoned 
mines has reduced the amount of acid reaching the streams and has 
demonstrated the efficacy of mine sealing in the control of acid 
pollution. However, the measurable annual damage from corrosion 
and injury to water supplies, as of 1940, to users of the Ohio River 
and its tributaries above the Ohio-West Virginia-Pennsylvania State 
line, was over $2,000,000 and probably exceeded $3,000,000 for the 
entire basin. The intangible damages are probably equal to the 
tangible damages. 

201. Since mine sealing does not eliminate all acid reaching the 
Streams from the mines, low flow control is desirable for dilution of the 
acid during relatively dry periods. Low flow control may be secured 
from many existing reservoirs and should be considered in all new 
reservoir projects. A combined program of limited mine sealing and 
ow flow control will reduce the acid damage by about 55 percent. 
It will cost approximately $15,000,000 to complete the mine sealing 
Program, of which $5,500,000 will be required for the first step con- 
Sisting of a limited program (1940 restrictions) to be applied to mines 
Or mine areas where costs will not exceed $10 per annual ton of acid 
how produced and to areas which were not connected to active venti- 
ating systems (in 1938). In addition, an annual expenditure of 
$1,000,000 will be required to inspect and maintain all existing and 
New seals under the outlined first step in the program. Experience 
and results will govern future steps in the program. This work should 

€ accomplished under the supervision of the United States Bureau of 

Ines. 

D. GENERAL 


202. A program meeting the above requirements is the minimum 
Necessary to correct serious and dangerous stream conditions. Such a 
Program will not result in a water quality suitable for the many 
Possible uses of the streams. Specifically, it does not assure satisfac- 
tory conditions for the propagation and support of aquatic life or for 
Tecreation. 

203. A complete, well-balanced program, yielding maximum bene- 
fits obtainable at reasonable and justifiable costs, will involve an ex- 
Penditure of approximately $200,000,000, exclusive of the cost of 
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certain prerequisite sewerage facilities. Such a program will improve 
the water quality of nearly all streams in the basin. Many stream 
reaches will be made suitable or more suitable for the support of fish 
life and recreational purposes. 

204. Except for commerce and navigation, the selection and estab- 
lishment of stream uses and the enforcement of antipollution measures 
to secure and maintain a water quality suitable for such uses appear to 
be proper functions of the States. hile the Federal Government has 
a decided interest in the protection of public health and in wildlife 
conservation, as well as in the protection and development of com- 
merce and navigation, it is believed advisable that no definite action 
toward the enforcement of pollution abatement should be undertaken 
by the Federal Government unless all State and interstate action fails 
to secure the proper control. The proposed Ohio River Valley water 
sanitation compact, if modified and vitalized, would provide an im- 
proved means for uniform and effective control of all pollution inter- 
state in its effect. Individual States cooperating with the Ohio River 
Valley Water Sanitation Commission should be able to control 
uniformly and effectively all pollution intrastate in its effect. 

_ 205. The principal obstacle to the abatement of pollution is the 
actual financing of the necessary facilities. The polluters, the State, 
and the Federal Government have a direct concern and interest in the 
effect of the discharge or deposit of organic and inorganic substances, 
acids, and dangerous disease-causing bacteria or viruses into all bodies 
of water. Active support and participation on the part of the States 
and the Federal Government are indicated and needed as a stimulus 
if any large and comprehensive program for the abatement of pollution 
is to be undertaken and properly completed in the Ohio River Basin. 
A comprehensive program of research and education is also needed to 
discover new and more economical methods of waste treatment and 
recovery and to inform the public of the necessity for the abatement 
of pollution. 

206. The tangible and intangible benefits accruing to the Federal 
Government in protecting health and general welfare in the Ohio 
River Basin, as well as benefits accruing in the reduction of damage to 
commerce and navigation and the general security obtained by the 
control of pollution, justify Federal financial aid. This aid should be 
in the form of grants (say 35 percent of the construction cost of abate- 
ment projects) and loans to States, their political subdivisions or 
municipalities. 


XII. RecoMMENDATIONS 
A. PROGRAM OF REMEDIAL MEASURES 


207. In view of the many factors involved, it is recommended that 
the Federal Government participate, as hereinafter set forth, in the 
following program for abatement of pollution on the Ohio River 
Basin, at an estimated total construction cost of approximately 
$200,000,000. Units of this program, in order of importance, follow: 

(a) Construction, at the earliest practicable date, of (1) primary 
treatment facilities for domestic sewage, including chlorination where 
necessary, by all communities located within the 27 metropolitan 
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areas listed below and (2) industrial waste-treatment facilities, render- 
ing a degree of treatment equivalent to that provided by the com- 
munities, by all industries located within the same areas whose wastes 
cannot be handled by community facilities: 


Evansville, Ind. Youngstown, Ohio, area. 
Ashland, Ky. Aliquippa, Pa. 
Catlettsburg, Ky. Ambridge, Pa. 
Louisville, Ky. Pittsburgh, Pa. 
Owensboro, Ky. ' Chattanooga, Tenn. 
Cincinnati, Ohio. Knoxville, Tenn. 

East Liverpool, Ohio Nashville, Tenn. 

Girard, Ohio Charleston, W. Va., area 
Ironton, Ohio Elkins, W. Va. 

Niles, Ohio Huntington, W. Va. 
Portsmouth, Ohio Parkersburg, W. Va. 
Sidney, Ohio Weirton, W. Va. 
Steubenville, Ohio Wheeling, W. Va. 
Warren, Ohio 


(b) Reduction of acidity in the streams by— 

(1) Completing the present limited (1940 restrictions) mine-sealing 
program, at an estimated cost of approximately $5,500,000, and by 
providing for inspection and maintenance of existing and newly 
constructed seals. 

(2) Securing low flow control as far as practicht from existing 
reservoirs and studying the possibility of including low flow control 
for the dilution of acid and organic pollution in future reservoirs. 

(3) Conducting investigations to discover ways and means for 
economically preventing acid mine drainage, uncontrolled by the 
ited program, from reaching streams. . 

(c) Construction of all additional treatment plants and facilities 
as may be found necessary to complete the entire program of improve- 
ment. This additional work should be completed within a period of 
15 years. 

B. STATE COOPERATION 


208. In order that effective centralized control of existing and 
future sources of pollution within the Ohio River Basin may be 
Secured and that the entire program outlined may be properly ad- 
Mnistered, full cooperation of the States is required. It is therefore 
recommended: 

(a) That the Ohio River Valley Water Sanitation Compact be 
amended to give the three commissioners representing the United 

tates Government voting power equal to that of the commissioners 
representing the States. 

(6) That article [IX of the compact be amended to place all orders 
in effect by a two-thirds majority of the commissioners and deleting 
the following clause from the first paragraph of article IX. 

* * * and no such order upon a municipality, corporation, person, or 
entity in any State shall go into effect unless and until it receives the assent of 
Not less than a majority of the commissioners from such State. 

(c) That the proposed Ohio River Valley Water Sanitation Com- 

sion take control over all existing and future sources of pollution, 
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including acid drainage from mines other than that specifically recom- 
mended for correction by the Federal Government, affecting the 
normal use of water in another State. 

(d) That the commission determine and designate stream usage of 
all streams in the basin including those intrastate in character, 
advising the proper State agency of their findings and decisions but 
issuing no ordets on intrastate streams unless the pollution adversely 
affects the normal use of the water in another State. 

(e) That the States develop local procedures for administrative, 
political, and fiscal programs which would facilitate the installation, 
maintenance, and operation of treatment plants. The development 
of sewerage districts, sewer-rental programs, city-county integration 
and other such activities by the States are virtually prerequisites for 
successful pollution abatement. 

(f) That all applications for Federal aid (hereinafter recommended) 
be processed through the commission which shall forward all data, 
together with its recommendations, to the United States Public 
Health Service for the necessary Federal administrative action with 
respect to such aid. 


C. FEDERAL PARTICIPATION 


209. Since successful completion of the recommended program for 
abatement of pollution in the Ohio River Basin involves effective 
and active State control and participation, as well as financial and 
technical aid on the part of the Federal Government, the following 
recommendations are made subject to the fulfillment of State coop- 
eration recommended in paragraph 208 to the satisfaction of the 
Surgeon General. 

(a) That the United States Public Health Service be authorized to 
make grants (say 35 percent of the construction cost) to States, their 
political subdivisions, and municipalities within the basin to assist in 
financing the cost of pollution-abatement projects as recommended in 
parseraph 207. 

(b) That the United States Public Health Service be authorized, 
upon such terms as it may deem necessary for the protection of the 
United States, to make loans to States, their political subdivisions, 
and municipalities, toward the construction cost of all pollution- 
abatement projects recommended in paragraph 207. 

(c) That the United States Public Health Service, in acting upon all 
requests for the allocation of Federal funds, give preference to those 
projects which are essential for the protection of water supplies and 
navigation. 

210. Since some of the work and functions on the part of the 
Federal Government are independent of initial cooperation by the 
States, it is recommended: 

(a). That the Director of the Bureau of Mines be authorized to com- 
plete the present limited (1940 restrictions) mine-sealing program at 
an estimated cost of approximately $5,500,000. 

(6) That the Director of the Bureau of Mines be authorized t0 
ee and maintain all existing and newly constructed mine seals 
and to conduct investigations into ways and means of further reducing 
the amount of acid reaching the stream from the mines at a cost. not t0 
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exceed $1,000,000 annually for a period of 15 years and that addi- 
tional funds be appropriated as required to extend the scope of the 
mine-sealing program. 
(c) That Congress authorize an annual appropriation to the 
United States Public Health Service sufficient to cover the cost of— 
(1) Reviewing and acting upon requests for allocation of Federal 
funds required to finance abatement projects. 
(2) Supervising the actual construction of the projects to insure 
that all Federal interests are protected. 
(3) Conducting a program of research to discover new and more 
economical methods of waste treatment. 
(4) Informing the public of the need for pollution abatement. 
(d) That the United States Public Health Service be authorized to 
utilize an appropriate agency of the United States, designated by the 
resident, for the purpose of reviewing the title, locations, plans, and 
Specifications for the construction of treatment works and of super- 
Vising actual construction to insure that all Federal interests are 
Protected. 
Tuomas M. Rosins, 
Major General, 
Assistant Chief of Engineers.. 
RaupH E. Tarsetr, 
Sanitary Engineer Director, 
United States Public Health Service. 
ABEL WoLMAN, 
Consulting Engineer, 
Baltimore, Md. 
Wasuineron, D.C., April 20, 1943. 
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AppEenpix A 
ALLEGHENY RIVER BASIN 
SUMMARY 


211. General description.—The Allegheny River Basin has a drain- 
{ge area of 11,730 square miles. There are 9,775 square miles of the 
asin in western Pennsylvania, the remainder are in southwestern New 
ork. The river flows across the Allegheny Plateau in a well-defined 
valley, which has more or less precipitous sides, and joins the Monon- 
Sahela River at Pittsburgh, Pa., to form the Ohio River. | Valley ele- 
vations range from about 700 to about 3,000 feet above mean sea 
evel. The eastern portion of the basin is for the most part rugged 
and drained by many tributaries, the remainder of the basin is less 
Tugged. Principal tributaries are the Kiskiminetas and Clarion Riv- 
frs, and Crooked, Mahoning, Redbank, Tionesta, Conewango, and 
Tench Creeks. A general map of the basin is shown on plate 12. 
. 212. Coal mining and steel production are the most important basin 
Industries, Brewing, canning, meat packing, oil refining, tanning, and 
© manufacture of byproduct coke, pulp and paper, and textiles are 
°! Significance and the sources of appreciable quantities of industrial 
Sewage, Dairying and farming are also practiced in the basin. Nat- 
ural resources, in addition to coal, include oil, limestone, building and 
8lass sands, gravel, fire clays, shales, and second-growth timber. 
213. Excellent water power resources exist but have not been de- 
Veloped fully, due to the competition of steam power which can be 
as uced at relatively low cost because of cheap fuel. The main 
ide 18 Canalized for 72 miles above its mouth, and navigation facili- 
four ] 


Tes 
ty, the Chief of Engineers. The largest of these would be located on 


ee ut decreased slightly during the :past decade, while rural 
Doe lation has increased steadily for a long period. The present 
i RG ation of the basin, exclusive of Pittsburgh, Pa., approximates 


John 

te ON Pe WES oes. VU 66, 668 | Oil City, Pa__-.....-------------- 20, 379 

New’stown, Bos, eS ee ee Bee Meadville, Pa____..----.----------- 18, 919 

Olean, ppsington, Pal-2 WW. 24, ot Marya eu y aeeree ro 17, 691 
pvp GPRS Sie Senger see enn | 21, 506 
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215. Water uses —There are 225 public water supplies in the basin. 
These serve about 1,545,000 persons. Ninety-one surface supplies, 
aggregating 139.38 million gallons per day, serve 82 percent of the 
population which uses public supplies. Over 920,000 persons, or about 
60 percent of the population using public water supplies, are served 
from 21 surface sources which are subject to pollution from community 
sewer outfalls. All communities using polluted surface supplies 

ractice coagulation, sedimentation, filtration, and chlorination. 
hree of these plants also employ lime-soda softening. 

216. The quality of the streams used for water supplies is gen- 
erally good, except where damaged by acid mine drainage and domestic 
and industrial wastes. Low natural alkalinity and hardness are 
characteristic; hence, acid mine drainage presents a more serious 
problem in the Allegheny River Basin than in basins where the natural 
alkalinity of the streams is higher. 

217. Many clean streams in the mountainous northern regions are 
extensively used for recreation, as are Chautauqua Lake, Conneaut 
Lake, and other natural and artificial lakes in the basin. Piney power 
plant, on the Clarion River, is the only sizable hydroelectric develop- 
ment. Industrial water supply is of considerable importance. 

218. Low flow characteristics at three selected stream stations in 

the basin are as follows: 


POURED Sos Re an ee ee French Creek | Clarion River Hiskinineiag 
iver 
Tadation.tercAsccetepes tasgegt o.-£ 5:28-sasaedepeet Bagecsrtoren; Piney, Pa. | Avonmore, Pa. 
a. 


Drainage area (. > are rile) DES & ESS ae EGS PIRES Le OTA ad 629 980 1,723 
PAriGd GONMIMCL SEs el occ ae ck 1921-39 1924-39 1907-37 


—— | | 


June to September discharge (cubic feet per second): 


Minimum single month_____ -- USLISRRICE O81 Ot 36 81 9 
Minimum 4-month average..---.-.--------~--.-.--- - 52 162 408 | 
ey CRUE A Mee Sheba n roo e tne ck aennce seas stack ch 282 599 1, 414 


219. Sources of pollution.—About 919,800 persons, or 61 percent ) 
of the population of the basin, are served by sewers. Of these, 
273,600 live within the city limits of Pittsburgh, Pa. Industrial 
wastes, after application of various corrective measures now practiced, 
have a net population equivalent of 678,400 (based on biochemic 
oxygen demand), of which 5,200, or less than 1 percent, receivé 
further treatment in municipal plants. About 40 percent of the 
industrial wastes of the basin enter the. Allegheny River in the 30-milé 
reach below the mouth of the Kiskiminetas River. Twenty-tw? 
primary and nineteen secondary municipal waste treatment plants; 
in which about $5,460,000 have been invested, serve 109,000 and 
55,300 persons, respectively, and reduce the combined populatio? 
equivalent of domestic and industrial wastes, as discharged, to abou 
1,514,400. Summarized data follow: 


Waste sources: 
Total population (1940 census): 


Pittsburgh, Pa. (Allegheny River portion) - - ---- 283, 440 
Remainder of Allegheny River Basin-_--- ------- 1, 236, 694 ne 134 
—————— 1,5 


Sewered population: 
Connected to municipal treatment__-__---___-- 164, 300 
Not connected to municipal treatment - ------- 755, 500 ee 300 
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Waste sources—Continued. 
Industrial wastes (population equivalent after appli- 
cation of independent corrective measures now in 
force, but prior to other treatment): 


Connected to municipal treatment_-__-_-- 2+ -_- 5, 200 
Not connected to municipal treatment: 
Browilg _ wi He srolgck calant pstia 53, 800 
Byproduct coke -.¢--_ 224041 4. 84, 000 
TT Mier Sac Seba pith Pa 57, 900 
forceps STS A Ss ire o eU aE 9, 600 
Peptilling 20O1i ole elle sigeaie 19, 600 
Meata jo4ia Jaiod> os) epoituteoadé 90, 600 
oh SP RE ey PORES ST RS ee 17, 900 
Wal POR Seo on le wo ch ae 35, 900 
PROM San de eae et oe 94, 400 
Tanning ba, Lawcial concen. oS See 63, 700 
extilec «4 tevsssds seeee .... 124, 300 
Miscellaneouse. 20. 4. fs oto 21, 500 
673, 200 
——————— 678, 400 
Total (population equivalent) -_-...-.------------- 1, 598, 200 
Wastes as discharged: 
Human wastes (sewered) (population equivalent after 
all present treatment): 
onnected to municipal treatment_—----------- 82, 500 
Not connected to municipal treatment_-_- - ~~~ --- 755, 500 
Fame aegis 
Industrial wastes (population equivalent after all 
present treatment) : 
Connected to municipal treatment____________- 3, 200 
Not connected to municipal treatment__ -_-_ -___-_- 673, 200 
——————_ 676, 400 
Total waste residual (population equivalent)____________ 1, 514, 400 


Nore.—single industries of a specific classification are included within the miscellaneous classification. 


220. The poem 2 pollution from acid mine drainage is second 
bo to that in the Monongahela River Basin and amounts to about 
75,400 tons of acid per year (calcium carbonate equivalent). Over 
tr: Percent of the mine acid load is discharged in the basin of the 
S ibutary Kiskiminetas River, the most heavily acid large stream in 
© entire Ohio River Valley. Prior to the inception of mine sealing 

© acid load was about 9 percent higher than the above figure. 
a 1. Spent acid discharges from steel-mill pickling operations 
aout to about 3,375 tons per year (calcium carbonate equivalent), 
River uch is discharged to the Kiskiminetas and lower Allegheny 
1 222. Extent of pollution.—During the period from July to December 
940, the Public Health Service collected and analyzed more than 765 
ater samples from over 240 stream stations in the basin. Fifty- 
rven percent were collected during July, August, and September, and 
a Temainder in October, November, and December. Average 
‘scharge on the days of sampling during the summer and fall months 
&s less than half the mean June to September discharge of record. 
Bebo. Average monthly dissolved oxygen results of less than 5 parts 
- million were observed at about 11 percent of the stations on normal 
ob “ams and at 5 percent on acid streams. The lowest results were 
vig peer Corry, Johnsonburg, Kane, Clarion, Bradford, and 

e, Fa. 


90035—43—pt. 1-6 
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224. At approximately 75 percent of the stations on both normal 
and acid streams monthly average biochemical oxygen demands of 
less than 3 parts per million were observed. At about 15 percent of the 
stations on normal streams and 5 percent on acid streams average 
oxygen demands of over 5 parts per million were observed. The worst 
conditions were found on tributaries below Kane, St. Marys, John- 
sonburg, DuBois, Derry, and Ridgeway, Pa. 

225. Average monthly coliform counts of more than 200 per milli- 
liter were observed at 24 percent of the stations on normal streams 
and at less than 3 percent of the stations on acid streams, thus indicat- 
ing the effect of acid pollution in reducing coliform bacteria densities. 
The highest coliform counts were observed below Kane, Corry, 
DuBois, and Derry, Pa. 

226. Acid stream conditions were observed at approximately one- 
third of the sampling stations in the basin. The range of pH values 
was from 2.4 to 6.9. In addition to the main Kiskiminetas River, 

‘where the highest concentration of acid in the Allegheny River Basin 
was observed, Mahoning Creek, Crooked Creek, Cowanshannock 
Creek, and Loyalhanna Creek showed evidence of pollution by acid 
mine drainage. 

227. Results of analyses for 12 sampling dates during the period 
September to December 1940 showed the dissolved oxygen content, the 
coliform bacteria content, and the pH value of the Allegheny River 
at its mouth to be higher and the biochemical oxygen demand to be 
lower than those at the mouth of the Monongahela River on most of 
the sampling dates. Plates 12, 13, 14, and 15 include data on sources 
of coliform bacteria, dissolved oxygen, and pH results. 

228. Methods of pollution control—The major pollution problems 
in the Allegheny River Basin are caused by acid mine drainage; indus- 
trial wastes, particularly in the Clarion River Basin; and domestic 
sewage, particularly in the vicinity of Pittsburgh. 

229. Control of acidity can best be accomplished by a combined 
program of mine sealing and low flow regulation. Storage in the 
required amount for low flow regulation could be provided incidental 
to flood-control operations in reservoirs built and authorized in the 
basin or as a separate feature in the authorized Allegheny River 
Reservoir. 

230. All of the industries in the Clarion River Basin have taken 
steps to reduce pollution, but any major improvement in conditions 
there will require the development of better industrial waste-treatment 
techniques if plant operations continue at the present level. 

231. Primary treatment and chlorination should be adequate for 
all municipal sewage from the Pittsburgh area. All or most of the 
wastes entering the streams in this region could be most economically 
treated at a large plant on the Ohio River. Primary sewage treat- 
ment should also be adequate for communities on the Allegheny River 
proper with the exception of Olean, N. Y., and Coudersport, Pa.; 
and adequate at Johnstown and Latrobe, Pa., and at other communi- 
ties on strongly acid streams. Secondary treatment appears to be 
necessary at Bradford and DuBois, Pa., and at five smaller communi- 
ties in the upper part of the basin, located on streams subject to near- 
zero flows. Supplemental treatment is suggested at seven commu- 
nities, including eee a and Olean, N. 
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232. The estimated cost of a suggested program of pollution con- 
trol is shown in the following table. The program would eliminate 
local nuisance, improve streams for use as public water supplies, and 
restore and improve streams for recreational purposes. 


Suggested program of pollution control for the Allegheny River Basin—Economic 
aspects 


Suggested pollution control : 
pA ata Population Estimated cost 


Num-| Now 1940 


ber | sewered| census | Pesign | Capital | Opera- | Amorti- 


tion and} zation Total 


9S ed ha 86 |1 654,300 | 863, 400 | 586, 500 |$5,070,.000 | $235,000 | $360,000 | $595, 000 
Secondary........-...- 7| 57,900} 58,600] 70,400| 890,000] 50,000] 60,000} 110,000 
Improvements......--- 7| 79,600 | 77,300 |.-....-_- 390,000 | 20,000} 40, 000 50, 000 

Int, Subtotal. /-...--..-- 100 |1 791,800 | 999,300 |....-.__- 6,350,000 | 305,000 | 450,000 | 755, 000 

Ue] an RS GT: (REE ios RSE POCO SES OAS or EEE 3, 670, 000 (2) 170,000 | 170,000 

Industrial treatment._.___- A SPEEA GEES AL ae 660,000 | 140,000} 90.000 | 230; 000 
esealing.............. Bald, SA8 Nie 1023200 1,460,000 | 158,000] 61,000 | 219, 000 

dtr fn EERE Pee Sec fee Ce 12, 140,000 | 603,000 | 771,000 | 1,374,000 

Mergency allowance, 20 
SA tae Oe eee ees 2 00 a eee 
PN ET Oe Ey SARS 548 oh bee 


Se See a eas $5 RR i ee Ser eee as See a St Me 2°) Lee eee: ees Rede! Ee 
; Nema population to be served in Ohio River plants. 
e. 
: Includes such items as minor corrections, process changes, sewer construction, treatment plants, ete. 
; Initial program contemplates sealing of 164,960 ton-years of acid. ; 
Estimated additional cost of program if provided during the present emergency period. 


AprEeNpDIx B 
MONONGAHELA RIVER BASIN 


SUMMARY 


233. General description—The Monongahela River drains an area 
of 7,380 square miles. Its watershed embraces the southwest corner 
of Pennsylvania and the northeast portion of West Virginia, and in- 
Cludes a small section of western Maryland, The river flows across 
the rugged Appalachian Plateau, through narrow valleys that are 
Several mies feet below the uplands, and joins the Allegheny 

Iver at Pittsburgh, Pa., to form the Ohio River. Valley elevations 
Tange from about 700 to about 4,700 feet above mean sea level. 
Poncipal tributaries are the Youghiogheny, Cheat, Tygart, and West 

ork Rivers. A general map of the basin is shown on plate 16. 

234. Coal mining and steel production in the basin are of sufficient 
Magnitude to pest national importance. Brewing, dairying, distill- 
ancl Meat packing, tanning, and the manufacture of byproduct+coke 
‘nd chemicals are extensively practiced in the valley. Natural re- 
Hanes in addition to coal include limestone, gas, and abundant water 

er, 
ra 235. The Monongahela River is canalized for its entire length. It 
ne of the most intensively used inland waterways in the world, 
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Tygart Reservoir, located above Grafton, W. Va., and Youghiogheny 
Reservoir, now under construction above Confluence, Pa., are Federal 
projects to provide flood control and low-flow regulation in the basin. 

236. The urban population of the basm increased considerably 
between 1910 and 1930, but only slightly in the past decade. The 
rural population has shown a slight, uniform increase in the past 3 
decades. The present population of the basin, exclusive of Pittsburgh, 
Pa., is about 1,264,700, of which 46 percent is urban. Principal com- 
munities and their populations (1940 census) are as follows: 


MIG MeORDOLE, FS. 424 aloo acne 5b, o05 | Umiontown, Fa... ..2.-.4- 21, 819 
Qiarksburg, W. Vals. Si Vsil se BO, 579) sruquesnd, Paoe ht fees Se Se 20, 693. 
Wikinsburg, Pascciori. A2u 29, 853 | Monessen, Pa_._.__-_......_.- 20, 257 
Peirtmhont; (Wi Vasese. ptese2 23, 105 


237. Water uses.—There are 153 public water supplies in the basin 
of which 98, aggregating about 59.42 million gallons per day and serv- 
ing 811,200 persons, are from surface sources. About 84 percent of 
the population using public water supplies is served by 57 surface 
supplies subject to pollution from community sewer outfalls. Most 
of the communities using polluted surface waters practice coagulation, 
sedimentation, filtration, and chlorination. Five plants also employ 
softening processes. The acidity of surface waters presents unsual 
problems in treatment and corrosiveness. Twenty public surface 
water supplies from the main stream have average pH values ranging 
from 4.0 to 5.0 in the raw water. 

238. Several reservoirs are intensively used for recreation, as are 
many clean streams in the eastern part of the basin. The acidity of 
the main stream, the high degree of industrial development along its 
banks, and the intensive use of the stream for commercial navigation 
prevent satisfactory recreational use of the Monongahela River 

roper. Two hydroelectric developments on tributary streams have 
a4 constructed by private interests and have provided some bene- 
ficial regulation during periods of low flow. There is extensive use of 
surface waters for industrial purposes. 

239. Low flow characteristics at four selected stream stations in 
the basin are as follows: 


LL EE aa Te Boge specae Cheat River Tygart River | West Fork River 
lve 


ver 
eadstieni: seins Sutersville, Pa. Pisgah, W. Va. | Fetterman, W. Va. | Clarksburg, W.Va. 
Drainage area (square 1,715 1, 360 1,304 384 


miles). 
Period considered ------ 1920-36, 1939 1927-39 1907-38 1923-39 


June to September dis- 
charge (cubic feet per 


"E 
Minimum single 
ONIN ol = sh rien 185 43 4 4 
Minimum 4-month 
average:t 2c). 41) 566 452 15] 8 
A Verage...1-------- 1,314 1, 356 1, 211 224 


240. Sources of pollution.—About 862,200 persons, or 58 percent of 
the total population of the basin, are served by sewers. Of these, 
210,600 live within the city limits of Pittsburgh, Pa. Industrial 
wastes contribute an additional net population equivalent of 426,300 
after application of various corrective measures now in use (based on 
biochemical oxygen demand). Less than 0.5 percent of these latter 
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wastes receive municipal treatment. Almost 50 percent of the com- 
bined organic pollution load enters the main stream in the 15.6-mile 
reach below the Youghiogheny River. Of 86 industrial establish- 
ments which are sources of wastes which do not receive municipal 
treatment, 26 have taken at least minor corrective measures to reduce 
pollution of the streams. Thirteen primary and seven secondary 
municipal waste-treatment plants, in which about $1,500,000 have 
been invested, serve 45,800 and 20,300 persons, respectively, and aid 
in reducing the combined population equivalent of domestic and 
industrial wastes, as discharged, to about 1,254,700. Summarized 
data follow: 

Waste sources: 


Total population (1940 census): 
Pittsburgh, Pa. (Monongahela River portion)._. 218, 289 


Remainder of Monongahela River Basin___-____ 1, 264, 674 
—————— 1, 482, 963 
Sewered population: 
Connected to municipal treatment. --..-------- 66, 100 
Not connected to municipal treatment --------- 796, 100 
amamemnaarrr ranma, ois Kove 
Industrial wastes (population equivalent after appli- 
cation of independent corrective measures now in 
force, but prior to other treatment): 
Connected to: municipal treatment_------------ 2, 000 
Not connected to municipal treatment: 
Brewing! 01002 - £74206. -oriauio 49, 100 
Byproduct coke_____---------.-- 240, 000 
Ea Ls a iain aee Maer ae « dak 94, 000: 
1, SR hacen ae natve: Sy apo 6, 100 
avait ge S22) id EA ON RITA sg RAE 3, 300 
Tanning sii) Lisi coIg notigic 25, 000 
Pektilenuysr. ssusi bones seu eessa- 1, 000 
Miscellaneous. 2 poo nr ae os 5, 800 
424, 300 
426, 300 
Total (population equivalent) _-------------------- 1, 288, 500 
Wastes as discharged: 
uman wastes (sewered) (population equivalent after 
all present treatment): 
onnected to municipal treatment___----.----- 33, 100 
Not connected to municipal treatment -_------ 796, 100 
—————__ $29,200 
Industrial wastes (population equivalent after all 
present treatment): 
Connected to municipal treatment_------------ 1, 200 
Not connected to municipal treatment - - ------- 424, 300 
———_ 425, 500 
Total waste residual (population equivalent)_-..-.----- 1, 254, 700 


Note.—singte industries of a specific classification are included within the miscellaneous classification. 


is 241, Pollution by mine drainage in the Monongahela River Basin 
V More intense than in any other major subbasin of the Ohio River 
of un: Mine sealing has reduced the original acid load by an average 
Per Out 30 percent, leaving a residual acid load of about 646,000 tons 
9 mA ear (calcium carbonate equivalent). 

lunpie; Free acid in waste pickle liquor discharged by the metal- | 
Per Cal industries approximates 28 tons per day, or about 7,000 tons 
cha year (calcium carbonate equivalent). Acid salts also are dis- 


from this souree. 
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243. Extent of pollution.—During the period from May to December 
1940, the Public Health Service collected and analyzed a total of 
more than 675 water samples from over 160 stream stations in the 
basin. In West Virginia this work was done with the cooperation of 
the State water commission. In general, flows on sampling days 
appeared to be several times greater than the mean June to September 
flows of record. 

244. During the period from May to October 1940, up to 2 monthly 
averages of dissolved oxygen content, based on from 1 to 4 samples 
each, were observed to be less than 5 parts per million in the vicinity of 
Clarksburg and East Salem, W. Va., and below Masontown, Waynes- 
burg, Fairbank, Republic, Uniontown, Ellsworth, Somerset, Mount 
Pleasant, Greensburg, Jeannette, Trafford, Turtle Creek, and Wilkins- 
burg, Pa., all of which communities discharge wastes to small tribu- 
taries. Similar conditions were observed at the mouth of the Monon- 
gahela River at Pittsburgh, Pa. Complete oxygen depletion, denoting 
septic conditions, was observed below Jeannette, Pa., in a single sample 
collected during October 1940. 

245. Monthly average biochemical oxygen demand results of 5 
parts per million or more, based on from 1 to 5 samples each, were 
observed below Youngwood, Irwin, and Pitcairn, Pa., which are 
located on small tributaries, and below each of the communities re- 
ferred to in the preceding paragraph, except Ellsworth, Pa. 

246. Monthly average coliform bacteria counts were in general 
agreement with dissolved oxygen and oxygen demand results in indi- 
cating the more severely polluted stream reaches. Highest values 
were observed below Waynesburg, Mount Pleasant, and Jeannette, Pa. 

247. The major stream pollution problem in the basin results from 
acid mine drainage. Acid stream conditions were observed at 95 
sampling stations in the basin with pH values ranging from 2.5 to 6.9, 
and phenolphthalein acidities from less than 1 part per million to over 
8,000 parts per million. 

248. Results of analyses of samples collected on 12 days during the 
period September to December 1940 showed the dissolved oxygen con- 
tent, pH value, and coliform bacteria content of the Monongahela 
River at its mouth to be lower, and the biochemical oxygen demand 
to be higher than those of the Allegheny River at its mouth, on most 
of the sampling dates. Plates 16, 17, 18, and 19 include data on 
sources of pollution, and on coliform bacteria, dissolved oxygen and 
pH results. 

249. Methods of pollution control—Up to the present time, uncor- 
rected mine acid pollution has served as a deterrent to organic pollu- 
tion abatement activities. It is desirable that mine acid control an 
organic pollution abatement be carried on as parallel programs sinc 
both measures are necessary if reasonable restoration of stream qual- 
ity is to be obtained. A combined program of mine sealing and low- 
cet PeeHetion seems to offer the best solution to the mine acl 

roblem. 

: 250. Secondary domestic waste treatment is indicated at 16 com- 
munities located on streams subject to low summer flows; primary 
treatment is indicated at 66 communities in the basin, including thé 
Pittsburgh area, and supplementary treatment is indicated at a single 
community. 

251. Industrial waste treatment to reduce pickle liquor and phenol 
discharges is indicated to be desirable. 
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252. The cost of a suggested program of pollution control is shown 
in the following table. The program would eliminate local nuisance, 
improve streams for use as public water supplies, and restore portions 
of the streams for recreational use. 


Suggested program of pollution control for the Monongahela River Basin—Economic 


aspects 
Suggested pollution control Population Estimated cost 
measures 
Annual 
Type Num-| Now | 1940 | Design | Capital | Opera- | Amorti- 


ber | sewered | census 


tion and| zation - ; 
mainte- | and Total 
nance | interest 


es Ee ee eee eee Foe seo Pee SS ee 8 2 ee pee. Tee ee 
Municipal treatment: 
REG se 66 |1683, 400 | 764, 100 | 476, 500 |$4, 710,000 | $130,000 | $330,000 | $460, 000 
Secondary__._._....... 16 | 92,800 | 102,300 | 105,000 | 1,480,000 | 65,000 | 100,000} 165,000 
Improvements_..-....- 11 26, DOO UE tly BOE Accs och 80, 000 75, 000 10, 000 85, 000 
Inter Subtotal........--.-- 83 |1801, 200 | 888, 200 |________- 6, 270,000 | 270,000 | 440,000} 710,000 
a Ips cee tae ema HT a8 eee 5, 870,000 | (2) 275,000 | 275, 000 
Maustrial treatment_______ @y AEST BNO Oe 1,110,000 | 320,000} 150,000} 470,000 
inesealing............__- OP aaa retgs UREA CR sabi ay 1, 600,000 | 173,000} 67,000 | 240,000 
ev tabiieal a Cibo £2 ede. ae poriss.! 14, 850,000 | 763,000 | 932,000 } 1, 695,000 
Mergency allowance, 20 
PSC gS) SEE EN RY the ree Ao ERR 3/970; O60 Th? Ahi 2 [SPOS eae 
il Oi ie emi join as icici Ti ape Men Se 17, 820}0007]:..--- 2. ey ence cetaceans 


Pees SUES AS LIME EES hI A et E Si Set OY Cae OER, J IFSP IB LECT TONES IO TES 


1 cludes some population to be served in Ohio River plants. 
gible. 
‘includes such items as minor corrections, process changes, sewer construction, treatment plants, etc. 
4 Raia program contemplates sealing of 198,680 ton-years of acid. 
Stimated additional cost of program if provided during the present emergency period. 


APpPpENDIx C 
BEAVER RIVER BASIN 
SUMMARY 


253. General description.—The Mahoning and Shenango Rivers 
“tge at New Castle, Pa., to form the Beaver River, which flows 
Rj Cugh narrow valleys across rugged plateau land to join the Ohio 
‘ver 25.4 miles below Pittsburgh, Pa. The basin comprises a drain- 
° area of 3,145 square miles situated in western eee and 
Cr tern Ohio. Connoquenessing, Slippery Rock, and Neshannock 
ke eeks are the important tributaries. A general map of the basin is 
2Wn on plate 20. 
Ta Steel production is the most important industry in the basin. 
Wi de noduction of the so-called Youngstown District is of Nation- 
the me euificance. Dairying, farming, meat packing, brewing, and 
of | anufacture of byproduct coke and miscellaneous other items are 
litikeaae economic importance. Natural resources include sand, coal, 
and ¢ ne, sandstone, clay, shale, gravel, oil, and gas. Tillable soil 
25 5 mPecature favor agriculture. Bort 
in. were are no particularly attractive water power sites in the 
» 8nd commercial navigation is restricted to the limits of slack 
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water provided by Montgomery Dam on the Ohio River. In addi- 
tion to several domestic water supply reservoirs, Milton Reservoir on 
the Mahoning River, Ohio, and Pymatuning Reservoir on the She- 
nango River, Pa., have been constructed by non-Federal interests to 
provide flood control, low water regulation, and aquatic recreational 
facilities. In 1942 the Corps of Engineers initiated construction of 
Berlin Reservoir, at a site on the Mahoning River above the Youngs- 
town area, to provide low flow regulation and flood control. 

256. Both the rural and urban populations of the basin have .in- 
creased rapidly for several decades. The present population of ap- 
proximately 728,400 is about 66 percent urban. Principal com- 
munities and their populations (1940 census) are as follows: 


Youngstown, Ohio___.___---_- 16 {i720 | Sharon, Pat Uses _ Siu 25, 622 
New Castle, Pas_..-..------ OE OR GtIOE, eee ts Pees bo ts eee | 24, 477 
Warren, Ones J 220eo. AZ Say |. Alliance, Ohio... lac sins 22, 405 


257. Water uses.—There are 50 public water supplies, of which 18, 
serving 499,200 persons and aggregating 40.88 million gallons per day, 
are from surface sources. Twelve of the latter, serving 430,400 
people, are from streams or reservoirs subject to pollution. The sup- 
plies from the Beaver and Mahoning Rivers are seriously polluted and 
thorough treatment often fails to produce a palatable water. 

_ 258. Industrial cooling water requirements in the Youngstown area 
frequently are as much as 20 times as great as minimum unregulated 
stream flow. This condition necessitates reuse of water, with resultant 
increases in stream temperatures which aggravate the already serious 
effects of pollution. Because of pollution, aquatic recreational activi- 
ties are restricted to the smaller streams of the basin, except in the 
Milton and Pymatuning Reservoir areas. 

259. Low flow characteristics at three selected stream stations in 
the basin are as follows: 


Sho eh Teanga lps RSIS. eb ci: ae ale OPS Ree gre Mahoning Shenango Beaver 
iver ver River 
EGORGION acs”. REY pls NP Cehe Ss) Ne eee oo cpg Sharon, Pa. | Wampum, P3- 
io 
Drainage area.(square miles)_.--.. 2: 225 2.22--22292.482 899 608 : Fr ra 
14-1 
Peni Connidenaa 232. 225 275 suk. Paes ae ak ote a peed 1921-39 1909-38 1932-39 
ae ee ee cs ewe ae 
June to September discharge (cubic feet per seeond) - .--- (*) (?) (12) 
LIU eno ann pHs <> otc ener neon es 47 7 1 
Minimum 4-month average________---___-------._-- 96 41 309 
PRC rs nh i ee De Bd ee 388 219 863 


1 Reflects flow regulation by Milton Reservoir. 
2 Reflects flow regulation by Pymatuning Reservoir. 


260. Sources of pollution.—About 515,700 persons, or 71 percent of 
the population of the basin, are served by sewers. Industrial wastes» 
after application of various corrective measures now employed bY 
industry, have a net population equivalent to 164,400 (based on bi0 
chemical oxygen demand), of which about 7 percent receives furthe 
treatment in municipal sewage-treatment plants. Seventeen prima 
and eighteen secondary municipal treatment plants, in which abot 
$4,760,000 have been invested, serve 134,300 and 84,100 persons, resper 


o 


tively. The combined population equivalent of domestic and industr! 
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wastes as discharged after treatment is 558400, of which about 95 per- 
cent is discharged in the Warren-Lowellville reach of the Mahoning 
iver. Summarized data follow: 


Waste sources: 


Total population (1040 censls) 222 of. Soe. BLES be OD Og Oe 728, 368 
Sewered population: 
Connected to municipal treatment_____.._.__-___-- 218, 400 
Not connected to municipal treatment --_---_-------- 297, 300 . 
—+——— 515, 700 


Industrial wastes (population equivalent after application 
of independent corrective measures now in force, but 
prior to other treatment): 


Connected to municipal treatment_________._-.--.- 11, 800 
Not connected to municipal treatment: 
Brewing lisiais. bio waeter se nA 5, 300 
Byproduet eoke i. 6 25561. cease ch base 80, 400 
re A: ES SPI AG PPR Soe PITS TSE | A 7, 200 
MUM act di cade eee ache co ae ere 3, 400 
Minéellanéotis 3) 22222) COL SB ons 56, 300 
152, 600 
164, 400 
‘Total (population equivalent) -- -- 22 cS 680, 100 


Wastes as discharged: 
Human wastes (sewered) (population equivalent after all 
present treatment) : 


Connected to municipal treatment______..___-_-_-- 102, 700 
Not connected to municipal treatment__---__------ 297, 300 
——— 400, 000 
Industrial wastes (population equivalent after all present 
treatment) : 
Connected to municipal treatment___-_._---------- 5, 800 
Not connected to municipal treatment _------------- 152, 600 
158, 400 
Total waste residual (population equivalent) ___.__-------- 558, 400 


Nore.—single industries of a specific classification are included within the miscellaneous classification. 


261. Additional pollutants of significance include an acid load of 
5,100 tons per year from coal-mine drainage and 8,000 tons per year 
ree acid in waste pickle liquor discharged by metallurgical industries 
Calcium carbonate equivalent). Phenols discharged by 4 byproduct 
€ plants are responsible for difficult water treatment problems. 
262. Extent of pollution —The Public Health Service collected and 
*nalyzed more than 350 water samples from over 60 stream stations 
e basin. Eighty-two percent were collected during June, July, 
pnd reiunt 1940, the remainder in October, November, and Decem- 
2 of the same year. Average discharge during the summer period 
: 4s about twice as great as the mean June to September discharge of 
ore although the average flow on sampling days appears, in general, 
lave been somewhat closer to the mean for the June to September 
reas Plates 20, 21, and 22 include data on sources of pollution, 
Sap ap coliform bacteria and dissolved oxygen results, respectively. 
®aches showing the greatest extent of pollution are the following: 
dis S ahoning River between Warren and Lowellville, Ohio, a 
Statinc’ Of 25 river miles: Samples collected at each of 10 stream 
ions during June, July, and August 1940 had monthly dissolved 
Sen content averages varying from 7.8 parts per million to zero, 


\ 
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Zero or near-zero values were observed below Warren, Niles, Youngs- 
town, and Lowellville, Ohio. Monthly average coliform bacteria 
counts ranged from 12 to 11,000 per milliliter. From 4 to 9 samples 
were represented in each average. Flows varied during the sampling 
period but on the sampling days were generally lower than average 
summer flows. 

(b) Shenango River below Sharon, Pa.: Two samples collected dur- 
ing August 1940 had an average dissolved oxygen content of 3.2 parts 
per million and an average coliform bacteria count of 3,500 per milliliter. 
The biochemical oxygen demand was 7.5 parts per million. Discharge 
was less than summer average. 

(c) Beaver River below New Castle, Pa.: Three samples collected 
during August 1940 had an average dissolved oxygen content of 3.3 
parts per million and an average coliform bacteria count of 437 per 
milliliter. The biochemical oxygen demand was 11.5 parts per million. 
Discharge was less than summer average. 

Serious oxygen depletion was not noted in other than the Youngs- 
town district except locally, below pollution sources on small tribu- 
taries. 

263. Results of analyses for 31 sets of water samples collected 
during’ the period October 1940 to January 1941 showed the Beaver 
River at its mouth to be lower in dissolved oxygen content and higher 
in biochemical oxygen demand and coliform bacteria content than | 
bey the Ohio River above their confluence on the majority of sampling 
days. 

364, Methods of pollution control.—Corrective measures may be 
effectively applied to pollutants found in the Beaver River Basin. 
The best adapted plan for organic pollution control in the Youngs- 
town district appears to be the provision of 10 chemical sewage 
treatment plants and additional low flow regulation. Berlin Reser- 
voir is an initial step in this direction. 

265. Secondary treatment is indicated to be necessary at five small 
towns where the stream flows are now inadequate for satisfactory 
waste dilution. Primary treatment is indicated at four other com- 
munities. Additions to or improvement of the existing waste treat- 
ment facilities of eight communities in the basin are necessary. 
Industrial waste treatment, primarily to reduce phenol discharges at 
byproduct coke plants, appears to be Pirpet 

266. The cost of a suggested program of pollution control is shown 
in the following table. The program would eliminate local nuisance, 
improve public water supplies, and restore portions of the streams 
for recreation. Incidental benefits would accrue to industrial water 
users if additional low flow regulation were provided for organic 
pollution control in the Youngstown area. 
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Suggested program of pollution control for the Beaver River Basin—Economic aspects 


Suggested pollution control 
measures Population Estimated cost 


Annual 


Type ne Ba 43) Pesnad Design | Capital | Opera- | Amorti- 


tion and}! zation 
mainte- and Total 
nance | interest 


-_——_———— 


Municipal treatment: 

iniars 22 $4ieurn 114 | 293, 300 | 295,000 | 361,900 |$2, 660,000 | $178,000 | $190,000 | $368, 000 
Serondery 22. 5 3, 800 5, 700 7, 700 160, 000 6, 000 10, 000 16, 000 
Improvements.-_.-.-..- 8 | 82,600 | 85,400 |--..._._- 150,000} 6, 000 10, 000 16, 000 
DUPLO). 2 fe aeece 1 27 | 379, 700 | 386, 100 |_-_-._._. 2,970,000 | 190,000 | 210,000 400, 000 
Parcsptors KIO = SS. DIE OA ae 1, 990, (2) , 000 95, 000 
industrial-treatment., -2-.-|-4)6i} eee dew seb , 040, 235,000 | 135,000 | 370,000 
Me sealing '!._ © 224232 AEA) Fe BOIS Epa) baa 50, 000 6, 000 2, 000 8, 000 
MEPSOCAL:. 2s aspen tnetuaienn lavanes en ne ams lbeacenees 6,050,000 | 431,000 | 442,000 873, 000 

Emergency allowance, 20 
eT ie eee RR | pe Pegs aes TMS ROL Se eas: hes Pt a a! pay 2 CS ey Re SES ae pee Ee, 
Pobel 322. sansa. bpedlonlos Asst dasa 4) 200;,000 42525. 2s¢ 232 cares 1) RE 


1 Includes 10 chemical sewage-treatment plants. 

2 Negligible. 

* Includes such items as minor corrections, process changes, sewer construction, treatment plants, etc. 
‘ Initial program. contemplates sealing of 6,500 ton-years of acid. : 

* Estimated additional cost of program if provided during the present emergency period, 


ApPpENDIX D 


MUSKINGUM RIVER BASIN 
SUMMARY 


267. General description—The Muskingum River Basin has a 
drainage area of 8,040 square miles, and embraces the central and 
Southern portions of eastern Ohio. Headwaters of the northerly and 
Westerly tributaries rise in an area of glacial drift and flow across the 
Allegheny Plateau. The main stream joins the Ohio River 172.2 
‘iver miles below Pittsburgh, Pa. Principal tributaries are the 
Licking, Walhonding, and Tuscarawas Rivers and Wills Creek. A 
&eneral map of the basin is shown on plate 23. 


pdequate for effective modern lh rate The streams of the 
’sin are not well adapted to the development of water power on a 
Commercial scale. 
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269. The population of the basin has increased 31 percent since 
1910, to a present figure of about 812,000. Approximately half of 
the present population is urban. Principal communities and their 
populations (1940 census) are as follows: 


Canton. bopee. oo Lee BOS, 4019 Neoware. - helt 31, 487 
Remenvinte Sooo aos. 2c. Od; GOO) Simeone i eS 26, 644 
Mansfield ncaa). sod 5) Soft 37,254) Barberton se s2OU Fle cc 24, 028 


270. Water uses—There are 94 public water supplies in the basin of 
which 9, serving 140,400 persons and aggregating 11.98 million gallons 
per day, are from surface sources. Four of the surface supplies are 
subject to pollution by domestic wastes. Ground water is plentiful 
but is usually hard and sometimes must be treated to remove iron. 

271. A system of 14 flood control reservoirs of which 11 have con- 
servation pools, together with Buckeye Lake and the Portage Lakes, 
furnish the area with fine aquatic recreational facilities which are 
extensively used. The lower Muskingum River and Wakatomica 
Creek are outstanding fishing streams. Use of water for industrial 
purposes is increasing. 

272. Low flow characteristics at three selected stream stations in 
the basin are as follows: 


MUMCOMAL tu ceeds 2st. a. pass. eee Muskingum Tuscarawas Licking 


River River River 
LCG | whl aE ee aL SBS SR Ad ae OA ee SR Se Dresden _ Dover Toboso 
Drainage-area .(square.miles) ............--.------------- 5,982 1,398 672 
PE MPCUMEEOOUMICRIOG: 2. cocker tu ucoaaceianasces = ceaeecenee 1922-39 1924-39 1922-39 
June to September discharge (cubic feet per second): 
Minimtim’ single month _...-) c2ciche es oeetewaae os 483 188 52 
Minimum 4-month average. _...-.------------------ 768 270 65 
MARVoreror Ne 5s oer ie: eg. a ee 3, 140 770 351 


273. Sources of pollution About 422,600 persons, or 52 percent 
of the population of the basin, are served by sewers. The popula- 
tion equivalent of industrial wastes is high, and approximates 320,600 
after application of various corrective measures by industry (based 
on biochemical oxygen demand). At least minor corrective measures 
have been taken by 56 of the 84 industrial establishments whose 
wastes are not connected to municipal treatment. About 75 per- 
cent of the industrial sewage not treated in municipal plants comes 
from 4 strawboard and paperboard: factories. An industrial waste 
population equivalent of 40,100 receives further treatment in munici- 
pal sewage treatment plants. Thirteen primary and 18 secondary 
municipal treatment plants, in which about $4,550,000 have been 
invested, serve 78,700 and 206,900 persons, respectively. The popu- 
lation equivalent of industrial and domestic wastes, as finally dis- 
charged to the streams, is about 492,200. Summarized data follow: 


OHIO RIVER POLLUTION CONTROL 85 


Waste sources: 


Total population (1940 COnAUs issn eos a Ste re 812, 028 
Sewered population: 
Connected to municipal treatment_._-..-.--.------ 285, 600 
Not connected to municipal treatment___......-.-. 137, 000 
422, 600 


Industrial wastes (population equivalent after application 
of independent corrective measures now in force, but 
prior to other treatment): 


Connected to municipal treatment___......-.------ 40, 100 
Not connected to municipal treatment: 
oy eeamad ~ 9. nadine oe het het f 7, 100 
Byproduct' coke). . oi. 20-20 14, 200 
Meat vies ORL wwinds wat ose ole 17, 500 
Milk 22 3 iweb ble Basen bAd Baadlives 6, 300 
OE TT, ia al A Wa SOT CSI ea 11, 400 
PRDCL. 524 oie Ga 2g LA cam vn nee 210, 000 
Miscellaneous... ss SORE 14, 000 
————._ 280, 
320, 600 
Total (population equivalent) .---_.-.-----.------.2-- 743, 200 


Wastes as discharged: 
Human wastes (sewered) (population equivalent after all 
present treatment) : 


Connected to municipal treatment___..-.....------ 68, 800 
Not connected to municipal treatment_---.-.------ 137, 000 
—— 205, 800. 
Industrial wastes (population equivalent after all present 
treatment): 
Connected to municipal treatment____-.----------- 5, 900 
Not connected to municipal treatment --_-.------- 280, 500 
———_ 286, 400 
Total waste-residual (population equivalent) _.....__-.--_- 492, 200 


Notr.—gingle industries of a specific classification are included within the miscellaneous classification. 


1 274. Acid mine drainage and waste pickle liquors are other pol- 
Utants of significance. Mine sealing has reduced the original mine 
"ep load in the combined Muskingum and Hocking River Basins 
Y about 42 percent, to a present total load of about 124,400 tons 
er year (calcium carbonate equivalent). Most of the abandoned 
Ons in both basins have been sealed, Larger steel plants in the 
“thd and Massillon areas in the Muskingum River Basin have 
lon vu Steps to dispose of waste pickle liquors. The present acid 
ad from this source is about 1,375 tons per year. 
Me Extent of pollution—During the period from April 1940 to 
arch 1941 the Public Health Service collected and analyzed over 
.», Water samples from more than 110 stream stations in the basin. 
je ty-five percent of the samples were collected during April, May, 
une, and July, 1940. During the latter period, average discharges 
*re several times greater than the mean June to September flows 
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of record. Plates 23, 24, and 25 include data on sources of pollu- 
tion, and on coliform bacteria and dissolved oxygen results. 

276. Monthly average dissolved oxygen results of 5 parts per mil- 
lion or less, based on one to three samples each, collected during the 
period May to July 1940, were observed in Chippewa Creek at Ritt- 
man, Little Chippewa Creek at Orrville, Wolf Creek at Barberton, 
Nimishillen Creek below Canton, Rocky Fork Creek at Mansfield, 
Jerome Fork below Ashland, and from Barberton to Massillon on 
the Tuscarawas River. 

277. Monthly average biochemical oxygen demand results of 5 
parts per million or more, based on one to three samples each, col- 
lected during the period May to July 1940, were observed below 
Barberton, Canton, Carrollton, Mansfield, New Concord, Orrville, 
Rittman, and Wadsworth, and in the vicinities of Minerva and 
Coshocton. 

278. Coliform bacteria counts were generally high during the period 
of sampling. Highest values were observed below Brewster, Canton, 
Mansfield, Minerva, and Shelby; and, in the Tuscarawas River, in 
the Barberton to Massillon reach. 

279. The effects of acid mine pollution were in evidence in Moxahala 
Creek Basin where pH values less than 3.0 were common during the 
sampling period. Extreme hardness was observed below Barberton, 
ee 5,800 parts per million in a single sample collected during 
July 1940. 

280. Results of water analyses for 63 sampling dates during the 
period May 1940 to March 1941, showed the dissolved oxygen con- 
tent of the Muskingum River at the mouth to be higher than that of 
the Ohio River above their junction on 56 percent of the sampling 
days. The biochemical oxygen demand and coliform bacteria content 
of the tributary were higher than those of the Ohio River about 65 
percent of the time. 

281. Methods of pollution control.—In spite of extensive efforts to 
abate pollution in the Muskingum River Basin, a problem remains on 
the upper Tuscarawas River and some of its tributaries. Only limited 
additional improvement in the quality of the upper Tuscarawas 
River drainage system appears justified in view of the present use of 
the streams. Other streams can be restored to or maintained in good 
condition at reasonable cost. 

282. Primary treatment of domestic sewage and removal of settle- 
able solids from industrial wastes should suffice to maintain satisfactory 
stream conditions below 8 of the 10 urban communities now discharg- 
ing untreated wastes. In addition, it appears desirable that primary 
treatment be employed at 16 smaller communities. Secondary treat- 
ment is indicated to be necessary at Newark and Cambridge, as well 
as at 18 smaller communities now without sewage treatment facilities- 
Improvements to existing plants appear to be necessary at Canton, 
Mansfield, and at 7 other smaller sources of pollution. 

283. The cost of a suggested program of pollution control is show? 
in the following table. The program would eliminate most local 
nuisance conditions in the basin, improve streams for use as public 
water supplies, and preserve and improve the valuable aquatic recre- 
ational facilities of the area. If legal and practical obstacles can be 
overcome in the future, desirable low flow regulation may be provide 
by means of the Muskingum Conservancy District reservoirs. 


. 
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Suggested program of pollution control for the Muskingum River Basin—Economic 


aspects 
Suggested pollution control 
ge Ab “= Population | Estimated cost 
Annual 
Num-} Now 1940 
Type ber: sowered | Gansus Design | Capital | Opera- | Amorti- 


tion and} zation 
mainte- | and Total 
nance | interest 


ere 


0 Se OE a a aes tw PERSE ES ed Pees ae 
Municipal treatment: 
Primary___._..._-_---- 23 | 88,200 | 106,900 | 124,000 |$1, 100,000 | $52,000 | $80,000 } $132, 000 
Secondary..___...--..- 20; 48,400 | 61,000 | 72,500 | 1,160,000 | 48,000} 80,000] 128,000 
Improvements... ..- ia 9 | 180,300 | 185,000 |_--------| 390,000 5, 000 25, 000 30, 000 
Tria, Subtotal... -20Lteau 52 | 316,900 | 352,900 |_-----.-- 2,650,000 | 105,000 | 185, 000 
juterceptors ecseor om SEIN. 2 ites cet lees ec) Vee | 2, 220, 000 ©) 105,000 | 105, 000 
Mwustrial treatment____..- it ETE SG Palen | , 310,000 | 100, 000 Y 140, 000 
ine sealing __.....------ fay hse ed ee es + £110,000 | 411,000] 45,000] 416,000 
es a a NS ee en 
Bee OUR OER sono apt bl eclndmsnedyd PET maps e | 5,290,000 | 216,000 | 335,000 | 551, 000 
Mergency allowance, 20 
OST A RR A SRR keg ee PURSES fetta n> Bi) er SPER fe eee 1, 060, 000: |. 2a cttteccd buds sic es 
Motebis. 4500 Jia e lsc islhecutiss aes | eg seb 0,390:000' 1... scocabndeietenthlw 


1 Neg}; 
egligible. 
: Includes such items as minor corrections, process changes, sewer construction, treatment plants, etc. 
‘ Initial program contemplates sealing of 19,000 ton-years of acid. See note 4. 
, 7 -Uskingum and Hocking River Basins combined. 
Estimated additional cost of program if provided during present emergency period. 


| AppENDIx E 
LITTLE KANAWHA RIVER BASIN 
SUMMARY 


Raeragy General description.—The Little Kanawha River drains an 
Oth of 2,320 square miles situated entirely within West Virginia, and 
Ns the Ohio River 184.6 river-miles below Pittsburgh, Pa. The 
Vane is hilly to mountainous, with steep slopes and narrow valleys. 
alley elevations range from about 560 to about 2,800 feet above 
Gant Sea level. Hughes Fork, West Fork, Steer Creek, Leading 
d eek, and Reedy Creek are the principal tributaries. A navigable 
“pth of 4 feet is maintained for a distance of 48 miles above the 
a of the Little Kanawha River. There are no existing hydro- 
arc ttl¢ power developments in the basin. A general map of the 
a 1s shown on plate 26. cziii 
a -_ Important economic pursuits include the production of gas. 
Prod Ou, agriculture, manufacturing, and lumbering. Current oil 
qua Uction approximates 1,000,000 barrels annually, or about one- 
tne ot of the total oil production of West Virginia. Coal produc- 
entirel, relatively unimportant. pi sigpecth i. is confined almost. 
River y to the Parkersburg area at the mouth of the Little Kanawha 


pre The population of the basin, exclusive of Parkersburg, a 

Sine, wates 92,400, is essentially rural, and has not varied materially 

habj 1910, ied the largest community, has about 2,495 in- 
tants, A] other communities have less than 2,000 residents. 
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287. Water uses.—There are 8 public water supplies in the basin 
of which 5, aggregating about 0.28 million gallons per day and serving 
about 6,600 persons, are from surface sources. Three of the latter 
are from streams subject to pollution. All surface supplies are chlor- 
inated, 4 are coagulated and settled, and 3 are filtered. In general, 
no serious pollution problem is present in connection with public 
water supplies. The upper Little Kanawha River and both forks 
of the Hughes River are extensively used for sport fishing. Indus- 
trial water usage is of minor importance in the basin. 

288. Low-flow characteristics at two selected stream stations in 
the basin are as follows: 


UPON... b SOOe eR weet Fe Es cttvupsaente euoid. s-Ub Ub ok Little Kanawha} Hughes River 
ver 
Drea 5 SO | OY DOS. 5 SA Sh eeeren  euSee 5 ae eie . Palestine Cisko 
Praiuave aronnauare miles) .- i FU Or 8 eh cece cde llc ecceds 1,513 453 
Pere COMBI GON ot OU ULE 5 I ADS oo ok Doe. Lo wnikinntamatasonencwadab 1912-40 1915-31 
1939-40 
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289. Sources of pollution.—About 10,200 persons, or 11 percent of 
the population of the basin, are served by sewers. Two municipa 
waste-treatment plants, 1 primary and 1 secondary, in which a total 
of about $190,000 have been invested, serve 1,400 and 3,400 persons, 
respectively. These reduce the population equivalent of domesti¢ 
sewage as discharged to about 6,800 (based on biochemical oxyge? 
demand). There are no significant sources of industrial sewage iD 
the basin, except in the Parkersburg area. The latter pollution prob- 
lem primarily concerns the Ohio River. Pollution from acid mine 
drainage is slight, aggregating about 350 tons per year (calcium 
carbonate equivalent). 

290. Extent of pollution.—During the period May 1940 to March 
1941 the Public Health Service collected and analyzed more tha? 
180 water samples from 10 stream stations in the basin. Ninety-on?— 

ercent of the samples were collected during the 5-month perio 
rom May to September 1940, and the remainder, in January, Febru- 
ary, and March 1941. Average discharges on sampling days during 
the early period were considerably higher than mean June to Septembe! — 
flows of record. Results of analyses indicated that with the exceptio? 
of more or less uniformly high bacterial pollution there is no extensiv® 
pollution in the Little Kanawha River Basin. Plates 26, 27, and 28 
include data on sources of pollution, and on coliform bacteria aP 
dissolved oxygen results. Reaches showing the greatest extent 9 
pollution are the following: 

(a) Bennell Run below Pennsboro: Three samples collected duriD 
July 1940, had an average dissolved oxygen content of 3.7 parts pe 
million and an average coliform bacteria count of 7,130 per millilite®: 
The average biochemical oxygen demand for the month was 15. 
parts per million. Discharge was less than summer average. = 
. (6) Spring Creek below Spencer: Four samples collected durit% 
August 1940, had an average dissolved oxygen content of 1.7 par® 
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per million and an average coliform: bacteria count of 3,350 per 
milliliter. The average biochemical oxygen demand for the month 
was 5.4 parts per million. Discharge was about equal to the summer 
average. 

(c) Little Kanawha River at mouth: Low dissolved oxygen content, 
high coliform bacteria counts, and high biochemical oxygen demand 
were observed at the mouth of the Little Kanawha River. However, 
results were influenced by sewage from Parkersburg. 

291. Results of analyses for 57 sampling dates during the period 
May 1940, to March 1941, showed that the Little Kanawha River at 
its mouth generally had a lower dissolved oxygen content, and higher 
biochemical oxygen demand and coliform bacteria count than the 
Ohio River above their junction. On 12 sampling dates during the 
period June to September 1940, the Little Kanawha River above the 

arkersburg area (river mile 3.5) was similar in quality to the Ohio 
iver above their junction. . 
292. Methods of pollution control—The Little Kanawha River is 
ut moderately polluted and there are no particularly difficult waste- 
treatment problems. The two largest communities, Spencer and 
ennsboro, have treatment plants which need some improvement. 
‘Timary treatment should be sufficient to maintain good stream condi- 
tions at the remaining sources of pollution, except during such an 
extremely dry year as 1930. Provision against such a contingency does 
Not seem to be justified. 

293. The cost of a suggested program of pollution control, including 
Supplemental treatment at Spencer and Pennsboro, and prima: 
treatment at six smaller communities, is shown in the following table. 

1e program would eliminate local nuisance conditions which now 
€xist and would both preserve and enhance the recreational value of 

€ area, 


Suggested program of pollution control for the Little Kanawha River Basin—Economic 
aspects 
5 See ks Ne Nel Red Co acts SE nee ete erathe aioe othe” Stee Ft See Ne 2nd ao iS 0! 2 SES Len (A NSE My pe 


Suggested pollution control : : f 
a, tes Population Estimated cost 
CREF pre ae eee rey 
Annual 


Num-| Now 1940 | Design | Capital | Opera- | Amorti- 


Type b 
er | sewered | census tion and? cation 
mainte- and Total 
nance | interest 
SUE Hey? aortas cd Schl 
Municipal treatment: 
png TERE 5, 5,500} 5,900] $85,000} $4,500} $5,500] $10,000 
Improvements__....... 2| 4,800} 5,000 |.______-- 500 000 
TntereSU>total.........-.-- 8 | 10,100} 10,500 |_.....--- 90,000} 5,000} 6,000} 11,000 
Rantcin ee iad eR fe ee Pe eo 120, 000 (1) 5, 000 5, 000 
Subtotal -| 210,000 5, 000 11, 000 16, 000 
Emer, LINE So ne SE 0 Ee of Snes ny Reet Pipe Se PRIE OCSE, , ’ 6, 
gency all 2 
Percent “A ey timed so te the tech oe eee 40; 0007 [scien afer ber rt ee eee 
“NFL LS ola @ ea SERS MOT See free Lenee) cg mats Ee 360; OOGr VELL Rete eye ea ee eee 
pipes See Ve theese ee AS Re bh ie Ee a thet: oes Re eee 
1 ‘. 
3 Negligibie. 


Stimated additional cost of program if provided during the present emergency period. , 
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APPENDIX F 
HOCKING RIVER BASIN 
SUMMARY 


294. General description—The Hocking River drains an area of 
1,185 square miles which lies wholly within southeastern Ohio. The 
stream joins the Ohio River 199.3 river-miles below Pittsburgh, Pa. 
The basin is hilly, with moderately steep slopes, except in the glaci- 
ated headwater area which is characterized by low hills and broad 
valleys. The important tributaries are Federal, Sunday, Monday, 
Clear, and Rush Creeks. A general map of the basin is shown on 
plate 23. 

295. Agriculture and coal mining are the principal occupations in 
the Hocking River Basin. Ceramic manufacturing, gas and oil pro- 
duction, and forestry are lesser pursuits. Natural resources, in addi- 
tion to coal, gas, and oil, include brines and commercial clays. 

296. Ohio River Dam No. 20 provides slack water in the lower 5 
miles of the Hocking River, but there has been no commercial naviga- 
tion since 1924. Scenic caves and forests in the basin are noteworthy 
recreational attractions. There are no _ existing hydroelectric 
developments. 

297. Lancaster, the basin’s largest city, has a present population 
of about 21,940. No other communities have as many as 10,000 
inhabitants, but small communities are uniformly distributed through- 
out the area. The total population of the basin approximates 113,600, 
of which about 42 percent is urban. Although the total population has 
not increased appreciably since 1910, the urban population has 
increased by 39 percent since that date. 

298. Water uses—There are 16 public water supplies in the basin 
of which 2, aggregating 0.13 million gallons per day and serving about 
3,800 persons, are from surface sources. Both of the latter are coagu- 
lated, settled, filtered, and chlorinated. All public water supplies are 
from underground or upland impounded sources and are not important 
factors in pollution problems. Industrial water supply is not of 
serious concern. A few tributaries and several reaches of the main 
river are considered fairly good fishing streams. 

299. Low flow characteristics at three selected stream stations on 
the Hocking River are as follows: 


STRAT 11 ea in as De oe RA gene. oe ae RES a eee Were Hocking River | Hocking River | Hocking River 
Locatione 203) 20 BEA she thas eh ho Se eee Sa Lancaster Enterprise Athens 
Drainage area (square miles) -............-----.--------- 60 944 
remo COmsiverea. Sf 2b. _ i a Seto oe ee spas lee 1923-32 1931-40 1915-40 


June to September discharge (cubic feet per second): 


Minimum single: month, 3.5 08th occas 12 36 40 
Minimum 4-month average___.__._.----------------- 15 73 54 
(AVOTARO citric a2 bok) ieee Pett 55 273 541 


300. Sources of pollution.—About 48,400 persons are serviced by 
sewers and approximately half of the basin’s sewered domestic wastes 
receive treatment in two primary and two secondary municipal plants 
in which about $840,000 have been invested. Over 40 percent of the 
sewered population is situated in Lancaster, where a secondary treat- 
ment plant is in operation. Two meat-packing houses, a brewery, ® 
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Cheese factory, and a milk-receiving station are the important sources 

of industrial sewage. The brewery wastes are discharged to municipal 

treatment and wastes from the milk-receiving plant are treated on a 

trickling filter. Other industrial wastes are discharged untreated. 
he total residual domestic and industrial waste load, as discharged to 

Streams, has an approximate population equivalent of 36,000 (based on 
lochemical oxygen demand). 

301. Acid mine wastes have a damaging effect on many tributaries, 
Particularly in the Sunday and Monday Creek Valleys. Mine sealing 

as reduced the original acid load in the combined Muskingum and 

ocking River Basins by about 42 percent, to a present load of about 
124,400 tons per year (calcium carbonate equivalent). 

302. Extent of pollution.—The Public Health Service collected and 
analyzed more than 260 water samples, from over 35 stream stations 
In the basin. Seventy-nine percent of these were collected from 
April to September 1940; the remainder during October and November 
1939, and January 1941. Discharges on the sampling dates ranged 
from near minimum summer flows to flows several times greater than 
Mean June to September discharges of record. During the summer of 
1940, flow was somewhat less than the average for the June to Sep- 
tember period. Plates 23, 24, and 25 include data on sources of 
Pollution, and on coliform bacteria and dissolved oxygen results. 

eaches showing evidence of significant pollution are as follows: 

(a) Hocking River: Three samples collected from the Hocking 
River below Lancaster, during October 1939, had an average dissolved 
xygen content of 4.6 parts per million. Other dissolved oxygen 
Tesults on the main stream averaged well above 5 parts per million. 

l0chemical oxygen demand exceeded 5 parts per million below Lan- 
Caster, in October 1939, and below Athens, in both October 1939, and 

anuary 1941. Discharge was extremely low during the October 

939, sampling period. Coliform bacteria counts generally exceeded 
100 per milliliter throughout the length of the Hocking River, and 
Monthly averages ranged from several hundred to several thousand 
at milliliter below Lancaster, Logan, Haydenville, Nelsonville, and 

ens. ; 

(6) Tributaries* Dissolved oxygen results of less than 4 parts per 

10n were observed in single samples from Snow Creek above Mur- 
Tay City and from Sunday Creek below Corning. Biochemical oxygen 
bend in. excess of 5 parts per million was observed in Sunday Creek 
elow Corning and Jacksonville, in Sugar Creek below New Straits- 
Ville, in Red Fork Creek below Murray City, and in Little Rush Creek 
eiow New. Lexington. ; oes 
S 303. Severe acid pollution is in evidence in tributary Little Rush, 
3 unday, and Monday Creek Basins. In these streams pH values of 

-O and less are not uncommon. Results of analysis of water samples 
Collected on 19 days during the period May to September 1940, showed 
He dissolved oxygen content and biochemical oxygen demand of the 
"a Ocking River at the mouth to be lower than that of the Ohio River 

Ove their junction on about 60 percent of the sampling days. The 

‘form bacteria content of the Hocking River was lower than that of 

© Ohio River on about half of the sampling days. 
inde: Methods of pollution control.— Pollution problems in the Hock- 

& River Basin, with the exception of acid mine drainage, are not 


Severe, and are readily amenable to solution by waste treatment, 
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Much of the acid mine drainage is the product of active workings which 
cannot readily be sealed. Damages from this source are insufficient to 
justify low flow regulation. Primary treatment of all wastes which 
are now discharged to the main stream without treatment should 
result in satisfactory stream conditions. On tributary streams which 
are polluted by acid wastes, treatment other than primary does not 
appear to be warranted. On the remaining tributaries, secondary 
treatment is indicated to prevent local nuisance below pollution 
sources. 

305. The cost of a suggested program of pollution control for the 
Hocking River Basin is shown in the following table. The program 
pee eliminate local nuisance and improve present recreational 

acilities. 


Suggested program of pollution control for the Hocking River Basin—Economic 


aspects 
Suggested pollution control 
measures Population Estimated cost 
Annual 
Num-| Now 1940 ; 
Type bert bewarell | Gensns Design | Capital | Opera- | Amorti- 
tion and} zation Total 
mainte- and 
nance | interest 
] treatment: 

No pepeey hoi 51 21,000 | 25,300 | 33,100 305,000 | $14,000 | $21, 500 | $35, 500 
Secondary-...-.------- 2 2, 400 2, 500 3, 600 70, 000 2, 500 5, 000 7, 500 
Improvements-.------- 1 1, 100 1 e2UU eco eee 5, 000 500 500 1, 000 

Subintale tc 4-2 8 | 24,500] 29,000,|.-_---_-- 380, 000 17, 000 27, 000 44, 000 
Wadateptors™. RES RES RS SR) Tee ee eS Fe ee ee 240, 000 (1) 11, 000 11, 000 
Mine sealing --..----.-----|------|---------|---------|--------- (2) () (2) () 

Subtotal__....-.--.-- ERE Tierra, Rereinr es meee yeahs 620,000 | 17,000 | 38,000} 55,000 
Emergency allowance, 20 

percent 3___._..-..-------|------|---------|---------]--------- T2000" Povo, = Set tie ikt sh: FREE hoe 

OTR Soe conga ace een oe fase teres een reat ona Ci 1 ea a Mey (aE EN ere ade 

ere ee 
1 Negligible. 


2 Costs for Hocking River Basin included with those for Muskingum River Basin. 
3 Estimated additional cost of program if provided during present emergency period. 


ApprEnpiIx G 
KANAWHA RIVER BASIN 
SUMMARY 


306. General description —The Kanawha River Basin has a drain- 
age area of 12,300 square miles situated in 3 States; West Virginia 
(8,450 square miles), Virginia (3,080 square miles), and North Caro- 
lina (770 square miles). The stream is formed by the junction 0 
the New and Gauley Rivers and joins the Ohio River 265.7 river miles 
below Pittsburgh, Pa. The topography of the basin varies from wide 
valleys through hill country in the lower portions, to high mountains 
cut by deep gorges in the upper areas. Valley elevations range 
from about 500 to about 5,500 feet above mean sea level. A genera’ 
map of the basin is shown on plate 26. 
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307. Coal is mined, and oil, gas, and brines are produced in the 
basin. Organic chemical manufacturing is an important industry and 
the source of much industrial sewage. Agriculture, limited forestry, 
electro-metallurgy, and quarrying are lesser economic pursuits. The 
Charleston area is a a disiteee enka industrial center, the growth 
of which has been paced by the chemical manufacturing industry 
centered therein. The valley is rich in natural resources, including, 
m addition to those-already mentioned, water power, sandstone, lime- 
Stone, clays, and various minerals. 

308. Urban and rural populations have increased rapidly in the 
ast several decades. The present total population of the basin 
approximates 834,800, of which about 21 percent is urban. About 
One-sixth of the total population is centered in the Charleston metro- 
Politan area. Principal communities with populations of 10,000 or 
More (1940 census) are as follows: 

Charleston, W. Va__---------- 67, 914| Beckley, W. Va_--_---------- 12, 852 
Paeteld) WW) Van oooosE ins 20, 641 | South Charleston, W. Va__.._- 10, 377 

. 3809. Water uses—One hundred and eighty public water supplies 
mM the basin serve 326,400 persons. Sixty-five of these supplies, 
8geregating about 15.09 million gallons per day, and serving 201,500 
Persons, are from surface sources. Thirty-three of the latter, aggre- 
Sating about 75 percent of the total surface supply, are from streams 
Subject to pollution. Coagulation, sedimentation, filtration, and 
Chlorination are practiced at 28 of these plants. Three other plants 
employ chlorination only, a fourth applies coagulation, sedimenta- 
‘on and filtration, and a fifth employs sedimentation, filtration and 

Chlorination. The domestic and industrial sewage discharged to 
Creek damages the source of the water supply used by Charleston, 

- Va., particularly during periods of low stream flow. 

f 310. A large number of streams in the basin are extensively used 
or fishing, boating, and swimming; however, gross pollution from the 
arleston area limits recreation in the lower Kanawha River to 

thine: There is considerable industrial use of surface waters in 
1e basin. 

311. Low flow characteristics at two selected stream stations are 
8s follows: 


Pe ee age ree od si en a a Ril Peete a ee 
St 


RE ARE ARGO FIA Ret Be EGE Kanawha Riyer| New River 
i 5 EG RIS BTU SI eI PN Ne! COVE ESTA BS Ey Kanawhs Falls, Eggleston, 
inag . Va. - Va. 
pra Bee NOCUIATE TLIO) Se tes Sd, OTs AO ey eee ee 8,367 2,941 
eriog bs 
menerba se Share rite tie Pee eer dee oe FOI STE 1877-1940 1915-37 
June to 


7 SS ST eR GS SR Co aeeaia tee i 1, 290 812 
re SUI THOR AVELAROL 220 2c eke aes. el aE SAGE SFE 1, 668 : 1,129 
AER aes AES TONES ees SEPT Pee 7, 611 2, 885 


thol?: Sources of pollution —About 226,500 persons, or 27 percent of 


af Population of the basin, are served by sewers. Industrial wastes, 

Con 4 ..2pplication _of various corrective measures now employed, 

(base ute an additional net population equivalent of about 1,490,200 

diseh, on biochemical oxygen demand), of which about 97 percent is 

aren arged to the Kanawha River in the Charleston metropolitan 

furth, Less than 1 percent of the industrial waste load receives 
er treatment in municipal plants. 
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313. Of the 65 industrial establishments whose wastes do not 
receive municipal treatment, 31 have taken at least minor corrective 
measures toward decreasing the damaging effect of their wastes on the 
streams. Six primary and 6 secondary municipal waste treatment 
plants, in which about $1,300,000 have been invested, serve 20,900 
and 28,600 persons, respectively. These aid in reducing the net popu- 
lation equivalent of domestic and industrial wastes to about 1,675,100, 
as discharged. Summarized data follow: 


Waste sources: .. 
Total population (1940 census)_.__.._...-._-_-_---- 834, 845 


Sewered population: 
Connected to municipal treatment.__.-._..-_-- 49, 500 
Not connected to municipal treatment_-_-_-__-_-_ 177, 000 
—————-__ 226, 500 
Industrial wastes (population equivalent 
after application of independent correc- 
tive measures now in force, but prior to 
other treatment): 
Connected to municipal treatment____...._---- 11, 100 


Oil wefining csi acadecum i pees ss 3, 600 
AYN ere core Sok ad 18, 700 
fey AL: ebrigeeies Siryeta! te aly dos teh ie baad 8, 300 


1, 479, 100 
areata 1 400 (20 


Total (population equivalent) _-_..-.-------------- 1, 716, 700 


Wastes as discharged: 
Human wastes (sewered) (population equivalent 
after all present treatment): 

Connected to municipal treatment__---..------ 18, 100 
Not connected to municipal treatment_--_-_-_-- 177, 000 
————— 195,100 

Industrial wastes (population equivalent after all 

present treatment) : 

Connected to municipal treatment_.___...____- 900 
Not connected to municipal treatment ________-_ 1, 479, 100 
———— 1, 480, 000 
a a 


Total waste residual (population equivalent)__...______- 1, 675, 100 
Norr.—Single industries of a specific classification are included within the miscellaneous classification. 


314. In addition to the industries listed there are 24 coal washeries; 
most of which have recirculating systems. However, varying amounts 
of fine coal particles escape, causing turbidity and culm deposits in the 
streams. Mine sealing has reduced mine acid pollution to a present 
load of about 19,100 tons per year (calcium carbonate equivalent). 

315. Extent of pollution—During the period from August 1939 t0 
February 1941 the Public Health Service collected and analyzed more 
than 480 water samples from over 150 stream stations in the basiD- 
Of these, 61 percent were collected in April, May, and June 1940: 
Discharges were generally low during the periods from August 1939 t@ 
February 1940 and from December 1940 to February 1941. Mediut® 
high to high discharges prevailed from March to May 1940. Plate® 
26, 27, and 28 include data on sources of pollution, and on colifor™ 
bacteria and dissolved oxygen results. 
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316. Monthly average dissolved oxygen results of 5 parts per 
million or less were observed in Reed Creek below Wytheville, Va.; 
in Crab Creek at Christiansburg, Va.; in Coal and Kanawha Rivers 
below St. Albans, W. Va.; in Armour Creek below Nitro, W. Va.; 
and in the Kanawha River below Winfield, W. Va. From 1 to 3 
Samples are represented in each average. Almost complete oxygen 
depletion was observed in Armour Creek below Nitro, where the dis- 
solved oxygen content of a single sample collected in January 1940, 
was 0.5 parts per million. 

317. Monthly average biochemical oxygen demand results of 5 
Parts per million or more, based on from 1 to 5 samples each, were 
observed in East Fork below Boone, N. C.; in Reed Creek below 
Wytheville, Va.; in Peak Creek below Pulaski, Va.; in Crab Creek 
at Christiansburg, Va., in Stroubles Creek below Blacksburg, Va.; ~ 
In New River below Narrows, Va.; in Grassy Branch below Bluefield, 
Va.; in Little Buff Creek below West Jefferson, W. Va.; in Laurel 
Creek below Pocahontas, W. Va.; in Little Whitestick River below 

eckley, W. Va.; and in the Kanawha River below Charleston, St. 

bans, and Nitro, W. Va. 

318. Average coliform bacteria counts agreed in general with dis- 
Solved oxygen and oxygen demand results in showing the extent of 
Pollution. Highest values were observed below Wytheville, Charles- 
ton, Narrows, Chelyan, and Beckley, W. Va. 

319. Acid stream conditions were observed in the vicinity of 

ulaski, Va.,;on Peak Creek; and along Piney, Beaver, and Dunloup 
Creeks in the Beckley, W. Va., area. At Pulaski, stream acidity was 

ue to chemical plant wastes, while at the other sampling stations, 
Acidity was caused by mine drainage. Gas, oil, and refinery wastes 
Produce taste and odor problems along Elk River. 

320. Results of analyses for 53 sampling dates during the period 

ugust 1939 to April 1941 showed the dissolved oxygen content of | 

¢ Kanawha River to be lower than that of the Ohio River above 
“eir junction on 48 of the sampling days. The biochemical oxygen 
mand and coliform bacteria content of the tributary were lower than 

Ose of the main stream about 59 percent and 73 percent of the 
Sampling days, respectively. 

321. Methods of pollution control.—The major pollution problems 
of the Kanawha River Basin are in the main stream in the vicinity of 

harleston, where the rapidly growing chemical industry discharges 

arge volumes of wastes which tax the oxygen resources of the stream 
&nd adversely affect downstream water supplies. It will be necessary 
reduce the strength or quantity of these wastes if a further deteri- 
ration in the quality of the lower Kanawha River water is to be 
Prevented. Because of constant changes in industrial processes, and 
Ps “ technical and often secret nature, pollution control in this area 
argely the problem of the industries involved. : 
Bae Primary domestic waste treatment is deemed sufficient to 
vide a desired degree of pollution abatement at Charleston, South 
arleston, and 18 other communities along the main stream, and at 
Pollution sources on tributary streams. Secondary domestic waste 


reatment appears to be justified at Princeton, Richwood, and 14 


A) . . “4 
feet smaller communities on streams subject to near-zero summer 
S. Supplemental treatment is necessary at 6 localities. Regula- 


rs 
On of low flow by operation of proposed reservoirs would lower the 
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minimum sewage and industrial waste treatment requirements now 
indicated at pollution sources on the lower Kanawha River. 

323. The cost of a suggested program of pollution control is shown 
in the following table. The program would eliminate local nuisance 
conditions, improve streams for use as public water supplies, and 
preserve and improve aquatic recreational facilities in the basin. 


Suggested program of pollution control for the Kanawha River Basin—Economic 


aspects 
ba eal peda control Population Estimated cost 
Annual 
Num-| Now 1940 : { 
Type her’ | sewered |}: odnsds Design | Capital | Opera- | Amorti- 
6 tion and| zation Total 
mainte- and 
nance | interest 
Municipal treatments: 
Primary So. 25.2. S- 35 | 131,900 | 141,200 | 179,900 |$1, 520,000 | $71,000 | $108,000 | $179,000 
Secondary .:--.-..-.-=5 16 | 32,500} 42,800} 52,600 860, 000 40, 000 61, 000 101, 000 
Improvements___-_---- 6811-200 Hr 12) OOUAL ees cote 90, 000 4, 000 6, 000 10, 000 
BUDUOLALee See 57 | 175,600 | 196,000 |__.-_---- 2,470,000 | 115,000 | 175,000 290, 000 
Masoronptors: ..t:iissceur Pel ee rae) tus ries weet 2, 530, 000 1 120, 000 120, 000 
Industrial treatment___.. __ Ge) tak. Ree SS ESS Saran 1 a eee. 1, 270,000 | 240,000 | 165, 000 405, 000 
mMfine sealing =. “S282: pict Sle BE ee 120, 000 13, 000 5, 000 18, 000 
‘begat (is eee ee Ge a Pe nsepeeeny oprcand rps! PR eee | emanate 6, 390, 000 | 368,000 | 465, 000 833, 000 
Emergency allowance, 20 : 
OR LORR eR Seen en Oe eC OB ss Sah ae ce es i die pee oy RE a OEY on 
Total Ug BIOYO00: | cece. casei erseaut A oobessie ce 


1 Negligible. 

2 Includes such items as minor corrections, process changes, sewer construction, treatment plants, etc. 
3 Initial program: contemplates sealing of 2,170 ton-years of acid. ‘ 

4 Estimated additional cost of program if provided during present emergency period. 


Apprenpix H 
GUYANDOT RIVER BASIN 


SUMMARY 


324. General description —The Guyandot River, which drains an 
area of 1,670 square miles, flows through the rugged, mountainous 
country of southwestern West Virginia and joins the Ohio River 
305.2 river miles below Pittsburgh, Pa. Mud River is the important 
tributary. A general map of the basin is shown on plate 29. 

325. Coal and gas deposits are the valuable natural resources and 
coal mining is the chief economic pursuit in the basin. Farming 
practiced is of a subsistence type only. The Guyandot River is not 
commercially navigable beyond the limits of slack water provide 
by Ohio River Dam No. 28. There are no hydroelectric power 
developments in the valley. 

326. The population of the valley has increased about 140 percent 
since 1910, to a present total of approximately 148,300. About 
95 percent of the total population is rural, and Logan and Mullens, 
with present populations of about 5,166 and 3,026, respectively, are 
the only urban communities. Many inhabitants live in mining 
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camps which are concentrated in the vicinity of Logan and in the 
extreme southeastern portion of the area. 

327. Water uses—There are 89 public water supplies in the Guy- 
andot River Basin of which 17, aggregating 1.21 million gallons per day 
and serving about 22,200 persons, are from surface sources. Five of 
the latter supplies, which serve 12,900 people, come from streams 
Subject to pollution. All of the communities using polluted surface 
Sources practice chlorination; in addition, 4 communities employ 
Coagulation, sedimentation, and filtration, and of these, 1 practices 
Softening and iron removal. Two of the water supplies from un- 
polluted sources receive no treatment. Ground water is usually 
hard and is limited in quantity. A number of the communities use 
Mine drainage as a source of public water supply. ’ 

328. No commercially developed recreational areas exist in the 
basin, although the Guyandot River and some of its tributaries are 
extensively used for fishing by local residents. Industrial water 
Supply is not a major problem. 

329. Low flow characteristics of the Guyandot River at two 
Selected stream stations are as follows: 


ee 1s. 4 << ALEEA AE LOE a ae Ve A Say een S Guyandot River 

MeetaerOGG VS Ov, Oe Ia sovist OUND) oft: Man, W.Va. | Branchland, 
sf ¥ Bs 

Drainage arpa (sadnre millon be ean eee te eee Ae 762 1,226 


SOel Crmcidenas a LILO ste Leese hie ly. frat leg e8t 1929-40 - 1929-40 


meatier Strigla MmOntn oo ne eeat 10 15 
Minimum 4-month average_.........-------.-------------------- y 29 41 
LON Cg nae OS a SIS NS oS eee 5 GETS EET? Pee | ie 404 625 
0, SSE See SS a es SO ee Peet ERT Bits 2 tap er ea Ie Peek Phe cS 


330. Sources of pollution About 23,900 persons, or 16 percent of 
the population of the basin, are served by sewers. No domestic 
Sewage receives treatment. Much pollution reaches the streams of 
the basin from privies along the banks, and from other refuse that 
i dumped directly into the streams. A small cannery at Milton is 
he only industrial establishment in the basin which discharges an 
*ppreciable quantity of organic wastes. These wastes have a net 
Population equivalent (based on biochemical oxygen demand) of 
®Dout 200. 
331. Most of the 25 coal washeries in the basin discharge fine 
laa Particles which blanket the bottom of the streams and increase 
giad turbidity. A power plant at Logan daily dumps ashes from 
*Dout 900 tons of coal into the Guyandot River. Mine sealing has 
teduced the acid load to about 54 percent of the load carried prior 
.the inception of the sealing program. Present acid pollution from 
he drainage approximates 10,865 tons per year (calcium carbdnate 
“quivalent). 
A 332. Extent of pollution—During the period from June 1939 to 
ay 1940, the Public Health Service collected and analyzed more 
Fit 100 water samples from over 25 stream stations in the basin. 
A Pow percent of the samples were collected during November 
th December 1939. Average discharges on sampling days during 
* Jatter months were, on the whole, less than one-tenth of the mean 
er-month discharge of record. In general, pollution problems 
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were found to be of a local nature. Plates 29, 30, and 31 include 
data on sources of pollution, and on coliform bacteria and dissolved 
oxygen results. 

333. Monthly average dissolved oxygen results, based on-1 to 5 
samples each, were in excess of 6.5 parts per million with the exception 
of monthly averages of 4.9 and 5.3 parts per million which were 
observed at the mouth of the river during September and October 1940, 
respectively. 

334. Monthly average biochemical oxygen demand results of 5 
parts per million or more, based on 1 to 4 samples each, were observed 
in Winding Gulf Creek below Helen, in Island Creek below Omar, in 
Copperas Mine Fork below Holden, and at the mouth of both Island 
Creek and the Guyandot River. 

335. Coliform bateria counts were in general agreement with 
oxygen demand results as to the location of major sources of pollu- 
a these being below Helen, Mullens, Man, Omar, Holden, and 

ogan.. 

336. Acid stream conditions resulting from acid mine drainage 


- were found in Island Creek and its tributary Copperas Mine Fork, 


where pH observations ranged from 4.5 to 5.2 and phenolphthalein 
acidities from about 20 to more than 200 parts per million. 

337. Results of analyses for 35 sampling dates between June 1939 
and April 1940 showed the Ohio River at dam No. 27, above the 
Guyandot River, to be of consistently better quality with respect to 
dissolved oxygen, biochemical oxygen demand, and coliform bacteria 
content than was the Guyandot River at a sampling station 0.1 


' mile above its mouth. Eight sets of samples disclosed the Guyan- 


dot River at a station 7.5 miles above its mouth to be similar in quality 
to the Ohio River at dam No. 27. 

338. Methods of pollution control.—Results of water analyses indi- 
cate the effects of pollution in the Guyandot River Basin to be pri- 
marily local. At most localities, primary treatment of sewage would 
be sufficient to maintain good dissolved oxygen conditions. It 
would be desirable to intercept sewage from upstream communities 
whose wastes are now discharged to the Guyandot River above the 
water supply intake at Logan, for treatment with wastes from the 
latter community. Pollution from coal washeries is largely visual, 
and should not be difficult to correct. Continuation of the mine- 
sealing program will aid in reducing the mine acid load in tributary 
Island Creek Basin. 

339. The cost of a suggested program of pollution control, including 
13 primary municipal sewage-treatment plants, is shown in the 
following table. The program would eliminate local nuisance, improve 
streams for use as public water supplies, and preserve and improve 
aquatic recreational facilities. 
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Suggested program of pollution control for the Guyandot River Basin— 
Economic aspects 


Suggested pollution control 
theakiived Population Estimated cost 
Annual 
Num-| Now 1940 . . 
Type ber | sewered| census | Pesisn | Capital | Opera- | Amorti- 


tion and} zation 
mainte- and Total 


Municipal treatment: Pri- 
Mary (subtotal) _......_- 13 | 19,700} .23,800 |..-----.. $300,000 | $15,000 | $20,000 $35, 000 


Beeboribers2, 0 Sh, Se es eee 230, 000 (Q) 10, 000 10, 000 
Ine sealing. ..._._......_- Cee ites teissietoe sees 10, 000 1, 000 1, 000 2, 000° 
E BUOGOLAl 22s he | Gi as Ae cn adhe teens 540, 000 16, 000 31, 000 47,000 
Mergency allowance, 20 
STE ROE SAE ee) G2 V Ae eee tal i So telife ee | NSIC TAS Re SPO 000 Tb oS oe eh ee ae 
Wotabec 6s Sesser he hs soe te Washer ces cel oe ees G50; '000; te osz. cag hse es SRE CL ees 


! Negligible. / 
5 tial program contemplates sealing of 1,330 Land pene of acid. 
Estimated additional cost of program if provided during present emergency period. 


AppENpDIx I 
BIG SANDY RIVER BASIN 
SUMMARY 


340. General description —The Big Sandy River is formed by the 
Sonfluence of Levisa and Tug Forks at the Kentucky-West Virginia 
order and flows north to join the Ohio River 317.1 river miles below 
_ittsburgh, Pa. About half of its drainage area of 4,280 square miles 
tes in Kentucky, and the remainder is almost equally divided between 
rginia and West Virginia. The basin is rugged, and includes a rela- 
‘ely elevated section of the Appalachian Range. A general map of 
€ basin is shown on plate 29. . 
of 341, Forests, principally of second growth hardwood, cover much 
it the basin surface; topography prohibits extensive agricultural activ- 
Y; and manufacturing is of little significance in the area. Develop- 
€nt of mineral resources, among which coal is of primary importance, 
*onstitutes the main economic activity of the basin. The navigation 
thoanel, provided by five locks and dams on the main stream and on 
¢ lower reaches of Levisa and Tug Forks, is little used except near the 
Mouth of the Big Sandy River. There are no important hydroelectric 
€velopments. 
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342. The total population of the basin has more than doubled since 
1910 and now approximates 411,900, of which about 8 percent is urban. — 
Jenkins, Ky., and Williamson and Welch, W. Va., are the largest 
communities in the valley; their present populations are about 9,428, 
8,366, and 6,264, respectively. 

343. Water uses—There are 120 public water supplies in the basin 
of which 18, aggregating about 2.99 million gallons per day and servy- 
ing about 53,800 persons, are from surface sources. Fifteen of the 
surface supplies, which serve an aggregate of 44,300 persons, come from 
streams subject to pollution. Fourteen of the communities using 
water supplies subject to pollution practice coagulation, sedimentation, 
filtration, and chlorination and of these, 3 employ lime soda softening 
processes. No treatment is applied to the fifteenth surface source 
which is subject to pollution. Ground water supplies are limited in 
quantity and generally are of poor quality, being hard and often con- 
taining objectionable quantities of hydrogen sulfide. A number of 
communities use mine drainage as a source of public water supply. 

344. Streams of the Big Sandy River Basin are used extensively by 


local residents for recreational purposes, but there are no commercial 


developments of this nature. Water supply for industry is not a major 
problem. 

345. Low flow characteristics at a single station on Levisa Fork 
are as follows: 


Soir er eee Ea LEAD 5 egies BE Tank Aaa Rm eh (tes 3). ea ores Sik 0 naa apap ee eee EAS Levisa Fork 


WGCHUniEe Cuatrse st SSCS, Salley Se Base eye, RR AACS 2 Bees ABE MAAR PAAR Paintsville, Ky. 

Dyainavoarca. (Square miles) 22... 22222 cb. sasel as dee ene oS. ones oes Zea eee eeus ce 2,150 

VETS] 115 (US) To Ua aR a A INI fA RR ers fer peed ell eae NNT, AOA ASG Nig gi a na tet Fe 1929-40 

June to September discharge (cubic feet per second): : 
BVetimaning single MONT oso 8 i ee eee he a Be aes oe ees Be 26 
MTG mb nth BYCRARAs bao) Mee. 8 ek ee Te ee Ta ees 85 
PRVGEABOS32 3420 35) 5b tb th Bee Shy SN Bp SEE eS EAS 920 


Discharges per unit of drainage area during periods of low flow have 
been greater in the Tug Fork Basin than in the Levisa Fork Basin. 

346. Sources of pollution.—About 55,000 persons, or 13 percent of 
the population of the basin, are served by sewers. The only indus- 
trial establishment in the basin which discharges an appreciable quan- 
tity of organic wastes is a small meat packing plant at Paintsville, 
Ky. These wastes have a net population equivalent of about 400 
(based on biochemical oxygen demand). In addition, there are 26 
coal washeries which discharge varying amounts of fine coal particles. 
Of these, 17 recirculate wash waters and recover the fines removed by 
washing. Three secondary municipal waste treatment plants, 10 
which about $70,000 have been invested, serve 2,600 persons and al 
in reducing the combined population equivalent of domestic and indus- 
trial wastes to about 53,300 as discharged. A considerable amount 
of polluting matter reaches the streams from privies along the banks 
of the streams, and in the form of other refuse dumped directly int? 
the streams. Some progress has been made with Works Progress 
Administration assistance in building sanitary privies. 

347. Pollution from acid mine drainage now amounts to about 
46,195 tons of acid per year (calcium carbonate equivalent). | 
reduction of about 25 percent in acid load has been effected by min@ 
sealing since the inception of the program. 
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348. Extent of pollution—During the period from June 1939 to 
April 1940 the Public Health Service collected and analyzed more 
than 350 water samples from over 85 stream stations in the basin. 

ixty-seven percent of the samples were collected during October, 

ovember, and December, 1939. Average discharges on sampling 
days during November and December were much less than the mean 
Summer-month flow of record. Plates 29, 30, and 31 include data on 
eta of pollution, and on coliform bacteria and dissolved oxygen 
results. 

349. Monthly average dissolve oxygen results below 5 parts per 
Million, based on 1 to 3 samples each, were observed only in Holly 
Creek below Clintwood, Va., and in Paint Creek at Paintsville, Ky. 

ith the exception of single monthly averages for Levisa Fork below 
Fort Gay, Ky., and for Big Sandy River below Louisa, Ky., and near 
the mouth, monthly average results, based on 1 to 11 samples each, 
- Were in excess of 6.5 parts per million. 

350. Monthly average biochemical oxygen demand results in 
excess of 5 parts per million based on 2 to 4 samples each, were 
Observed at several sampling stations on Tug Fork, Elkhorn Creck, 

lear Fork, and Dry Fork in Tug Fork Basin, and at single stations 
on Holly Creek, Elkhorn Creek, Beaver Creek, Paint Creek, and 

€visa Fork in the Levisa Fork Basin. 

351. At approximately half of the sampling stations average coli- 
°rm counts of more than 200 per milliliter were found, and at nearly 

5 percent of the stations average coliform counts of over 50 per 

illiliter were observed. Highest values were recorded below Clint- 
peed, Va.; Jenkinjones and Kimball, W. Va.; and Pikesville and 

dntsville, Ky. 

852. Acid stream conditions resulting from mine drainage were 
Observed in Muddy Creek, a tributary at Levies Fork, and along Mate 

teek, a tributary of Tug Fork. Individual pH values ranged from 
‘9 to 4.8 and phenolphthalein acidities from 39 to 164 parts per 

ora None of the larger streams of the basin were found to be 
Ci 

353. Results of water analyses for 96 sampling days during the 
erriod June 1939 to March 1940 showed the dissolved oxygen content 
e the Big Sandy River at a station 0.3 mile above its mouth to be 
Ty sistently less than that of the Ohio River above their junction. 
ig biochemical oxygen demand was higher and the coliform bacteria 
-°ntent was lower in the tributary than in the main stream on a ma- 
lority of the sampling dates. 

Boot Methods of pollution control—The two main streams of the 
pe Sandy Basin, Levisa, and Tug Forks, are not heavily polluted. 
prt treatment of wastes discharged to these streams should be 
bel Clent to maintain good oxygen conditions at all points except 
a ™ Grundy, Va., on upper Levisa Fork, and below Welch, W. Va. 
unt ug Fork. Local nuisance conditions caused by the discharge of 
is Teated sewage to a number of the tributary streams will require 
fin °ndary treatment for their correction; however, considering the 
Vol wcll condition and lack of permanence of the communities in- 
que ed, justification for expenditures beyond partial treatment is 
Stionable. Elimination of largely visual pollution from coal 

35 5 wastes presents no particularly difficult technical problems. 

: The cost of a suggested program of pollution control, including 
Timary and 2 secondary municipal waste-treatment plants, is 


102 OHIO RIVER POLLUTION CONTROL 


shown in the following table. The program will minimize local nui- 
sance conditions, improve streams for use as public water supplies, 
and preserve and improve the extensive aquatic recreational facilities 
of the basin. 


Suggested program of pollution control for the Big Sandy River Basin—economic 


aspects 
d polluti 
eee control Population Raitnatat cost 
fo SE ne SRR RIES OEY cae 
Annual 
Num-| Now 1940 gi 
Type ber | sewered| Sansus Design | Capital | Opera- | Amorti- 


tion and | zation 
mainte- and Total 
nance interest 


Municipal treatment: 
BPS. Oca rsisre 20 | 36,600} 51,000} 57,000 | $610,000 | $29,000 | $41,000 $70, 000 
MOCONOEr Ys. csc seraw 2 7, 000 7, 700 9, 000 130, 000 6, 000 9, 000 15, 000 
Subtotal... 4s ce.. 22 | 43,600} 58, 700 |...-...-- 740, 000 35, 000 50, 000 85, 000 
Ne SS TA ype pede ne ee | AN a be Rea Ef Peel ee ; (1) 25, 000 25, 000 
Mine sealing. _.._....---_- OTE Restsecrte mea pho praged SOT 240, 000 26, 000 10, 000 36, 000 
BUDIOUHY. SAA Lett Ra aden Pk oes Line keke Amkecowen 1, 480, 000 61, 000 85, 000 146, 000 
Emergency allowance, 20 
TiS WeGT 6 bree ye ae Sec cta nw ongyc polos ua sls pacnese S00, 000 fe or ee ee ee 
ii | a | a | a | | | 
JAC Eat ae anes re Tats | ee Se er me ee Ee eee RN RO) At ee ee) tee 
1 Negligible. 


2 Initial program contemplates sealing of 18,320 ton-years of acid. 
3 Estimated additional cost of program if provided during present emergency period. 


APPENDIX J 
SCIOTO RIVER BASIN 
SUMMARY 


356. General description.—The Scioto River Basin lies within Ohio 
and comprises 6,510 square miles in the central and south central 
portions of the State. The stream joins the Ohio River 356.5 rivel 
miles below Pittsburgh, Pa. The topography of the basin varies from 
flat areas to hilly sections, the latter of which are situated betwee? 
Prospect and Columbus and from Chillicothe to the mouth. Princip 
tributaries are the Olentangy River and Big Walnut, Big Darby, Deer; 
Paint, and Salt Creeks. There is no commercial navigation nor impor 
tant hydroelectric development. A general map of the basin is show? 

on plate 32. é 

357. Much of the Scioto River Basin is highly developed in agri 
culture. Canning, chemical, meat, metal, milk, paper, and misce! 
laneous other industries are also of considerable economic importanc® 
Manufactured products include paper, shoes, hardware, tools, machil” 


ery, fertilizer, wool and wool fat products, cigars, glass, mattresse — 
rubber products, chemicals, mineral products, and others. LimestoD® | 


is the most important mineral resource of the basin and much timbe& 
cover remains. The river is not commercially navigable beyond th? 
limits of slack water induced by Ohio River navigation facilities. 
358. Since 1910 rural population has remained practically unchanged 
in the area, but total population has increased about 35 percent and 
now approximates 739,600 of which 60 percent is urban. Columbu* 
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the basin’s largest city, has 306,100 inhabitants; Marion has 30,800; 
and Chillicothe, 20,100. 

359. Water uses —There are 44 public water supplies in the basin. 
Five of the largest, aggregating about 32.66 million gallons per day 
and serving 350,200 persons, are from surface sources. About 96 
Percent of the total surface supply is used in the Columbus area; 

Owever, most pollution which originates above Columbus receives 
treatment. Two other surface water supply intakes are located below 
community sewer outfalls. In general, there is no serious pollution 
of public water supplies. All communities using surface waters prac- 
tice coagulation, sedimentation, filtration, chlorination, and lime-soda 
Softening. Ground-water supplies in the basin appear to be adequate 
and industrial water supply is not a major problem. There are some 
recreational developments on the Scioto River below Columbus. 

360. Low flow characteristics at three selected stream stations in 
the basin are as follows: 


cn SEES EER EED MATE 29 80 LCE A BEERS Thad, Be Scioto River Olentangy Paint Creek 
liver 
Location SESS DG BA SO Sas BA ES Gee Chillicothe Delaware Bourneyille 
Paainage area (square miles) aangrnnn nnn eens nee ee ne ee 3,847 387 808 
LO MESTG LAS hc Tet Us Pa 920 gue ir ela te Magny RS PR 1921-40 1922-34 1924-40 
Dire BE Ee Fee EER ASE PSS LS PP ee Ee ee eS | Shae 
June to September discharge (cubic feet per second): 
inimum single months 2.12 25264--2---0-- bosses 214 1 il 
Minimum 4-month average.........---------------- 305 q 25 
Abrerage. (fia ashe eG Fk i 1, 593 126 418 


SS RD oe err oe ee ee ee ee ered ee eS Coe en ere eee foe PORT 


361. Sources of pollution.—A sewered population of about 412,600 
and industrial wastes having a population equivalent of about 425,900 

ased on biochemical oxygen demand), constitute the major pollution 
Sources in the Scioto River Basin. Over 97 percent of the sewered 

Omestic wastes receive treatment in 15 primary and 18 secondary 
Plants, in which about $12,890,000 have been invested. Industrial 
Wastes which have a population equivalent of 348,600 also receive 
Municipal treatment. At least minor corrective measures have been 
taken by 33 of the 48 industrial plants not connected to municipal 
treatment. The combined domestic and industrial waste load, as 

ischarged after treatment, has a population equivalent of approxi- 
Mately 251,400. Summarized data follow: 


aste sources: 


Letel population.(1940 census) :---..--2-2..--.--t ecko 739, 551 
Sewered population: . ma 
Connected to municipal treatment_---------------- 401, 500 
Not connected to municipal treatment ------------- 11, 100 : 
412, 600 
Industrial wastes (population equivalent, based on bio- 
chemical oxygen demand, after application of independ- 
ent corrective measures now in force, but prior to other 
treatment): 
Connected to municipal treatment__-_-------------- 348, 600 
Not connected to municipal treatment: 
RTT. Tae Maas aon pn LEY eeacayrs pene A 32, 200 
Meat. oe ete ee tt a roe a eee 2, 700 
jt gee eae rie oa be SRR Eo: VC 7 
manera a Lee ee 39, 200 
Miscellaneous. 2. +)4-[5 seu seahabe is ay Py 
77,3 
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Wastes as discharged: 
Human wastes (sewered) (population equivalent after all 
present treatment): 


Connected to municipal treatment__....-.--.------ 62, 800 
Not connected to municipal treatment__----------- 11, 100 
———-— 73,900 
Industrial wastes (population equivalent after all present 
treatment): 
Connected to municipal treatment_..-...---------- 100, 200 
Not connected to municipal treatment. ...--------- 77, 300 
——— 177, 500 
Total residual (population equivalent)_.._._---------------- 251, 400 


Nortr.—Single industries of a specific classification are included within the miscellaneous classification. 


362. Acid mine drainage, to the extent of about 17,870 tons of acid 
per year (calcium carbonate equivalent), also contributes to the pollu- 
tion of the streams of the basin, but is of minor significance. A reduc- 
bie. of 26 percent in the initial acid load has been effected by mine 
sealing. 

363° Extent of pollution—The extent of stream pollution in the 
Scioto River Basin was determined by analysis of more than 1,490 
water samples collected at over 80 stream sampling stations during 
1939 and 1940. The stream reaches showing the greatest extent of 
pollution are the following: 

(a2) Scioto River, Columbus to mouth, a distance of 132 river miles: 
Samples in number from 9 to 17, collected at 12 stations during June 
1939, showed average dissolved oxvgen results from 3.0 to 6.5 parts 
per milion, averaging 4.6 parts per million. Average discharge during 
the sampling period ranged from 2,680 cubic feet per second at Colum- 
bus to 8,390 cubic feet per second at the mouth, which flows are 
several times greater than mean summer discharges. 

(6) .Paint Creek below Washington Court House and below Green- 

field: Average results for 2 samples collected during October 1939, at 
each of 5 stations in a 5-mile reach immediately below Washington 
Court House, showed dissolved oxygen results ranging from practically 
zero to 2.4 parts per million, and averaging 0.4 part per million. Dis- 
charge averaged 4 cubic feet per second at the time of sampling. For 
the same period, coliform bacteria counts averaged 180,000 per milli- 
liter at the 5 stations below Washington Court House and 24,000 per 
milliliter below Greenfield. Single samples in October 1939, showed 
recovery from a dissolved oxygen content of almost zero to a content 
of 4.6 parts per million in a 16-mile reach above Greenfield, followed 
by almost complete oxygen depletion below Greenfield. 
_ (e) Little Scioto River below Marion: Three samples collected at 
a single station during September and October 1939 showed an aver- 
age dissolved oxygen content of 1.8 parts per million and an average 
coliform bacteria count of 38,600 per milliliter. Discharge averaged 
1 cubic foot per second. 

(d) Little Walnut Creek below Baltimore: Three samples collected 
at a single station during October and November 1939 showed an 
average dissolved oxygen content of 0.5 part per million, and an avel- 
age coliform bacteria count of 2,730 per miuliliter. Mean discharge 
was 2 cubic feet per second. 

364. Plates 32, 33, and 34 include data on sources of pollution, and 
oe coliform bacteria and dissolved oxygen results for the Scioto River 

asin. 
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365. The laboratory results for the basin indicate undesirable pollu- 
tion along the Scioto River from Columbus to the mouth and in lim- 
ited reaches of Paint, Little Scioto, and Little Walnut Creeks. These 
latter are primarily local problems. Except as noted, dissolved oxygen 
averages were generally above 6.5 parts per million. In spite of ex- 
tensive control measures now in effect at Columbus, surface wash re- 
Sulting from local rains is at times sufficient to result in oxygen deple- 
tion in the Scioto River below the city. 

366. Analytical results for samples collected on 18 sampling days 
during the period September 1939 to January 1940 showed the Scioto 

iver at Lucasville Bridge (river mile 15) to have a dissolved oxygen 
Content consistently less than that of the Ohio River at dam No. 31, 
above their junction. Coliform bacteria counts for the tributary 
. Were consistently lower than those for the Ohio River, while bio- 
Chemical oxygen demand results were somewhat higher. 

367. Methods of pollution control—The cost of a suggested program 
of pollution control is shown in the following table. The program 
Would eliminate local nuisance conditions which now exist and would 
restore streams for recreational use, particularly in headwater areas. 

Owever, improved industrial waste treatment technique will be re- 
saired to fully control pollution in the Chillicothe and Circleville 

eas. 

368. Periodic flow augmentation would be effective in eliminating 
SCcasional nuisance conditions below Columbus and could be obtained 

Y drawing from the small Whittier Street Reservoir on the Scioto 

Iver in the city. A dependable water supply for the purpose of 
Teplenishing the Whittier Street pool could be provided by the pro- 
Posed Delaware flood control reservoir. 


Suggested program of pollution control for the Scioto River Basin—Economic aspects 
Satta SOE iy RAE Cn abc 2 a otis Oe ek oie ae Pe iS aa, 81 LE ce a a ele ee sina Mt area 


Suggested pollution control 


tnendicbes Population Estimated cost 
Annual 
Num-| Now 1940 ; ; ; 
yf be Design | Capital Opera- | Amorti- 
ane ber | sewered | census tion and) zation Total 
mainte- and 
nance interest 
a SET ea een we eiedeee Abs) RE RS ee he toes a he he OP eh Ele. 2s eee Lee 
Municipal treatment: 
peelaeny se dyrcpcsc. 2 18 | 4,600 | 12,800 | 16,900 | $240,000 | $11,000 | $18,000 | $29,000 
ondary +} 4] 6,500 | 11,500} 13,000 { 200,000] 10 15, 000 25, 000 
Improvements..__.._- 8| 19,800} 27,100 |.-_..-__- 230, 000 9,000 | 17,000 26, 000 
Inte Subtotal.____________ 30 | 30,900 | 51,400 |_---____- 670,000 | 30,000 | 50, 000 80, 000 
TREE Ie eiaicincs Baran is RFF: 260, 000 () 10, 000 10, 000 
Mi tial treatment _____- Sh SET REESE ree a 370,000 | 40,000 | 50,000 90, 000 
Te eoling 6 ah Re ee a DEIR Blo Far 40, 000 4, 000 2, 000 6, 000 
gTovements to Whittier 
Retry eS Aen Sra tear (! (1) (1) (1) 
oF ES esate AS Sa i (eel apolar cae Me jpg ted a (4) (4) (4) (4) 
SS ae a PS eee ieee ie Reraeeea 1,340,000 | 74,000 | 112,000 | 186,000 
ergen = 
"9 Shela nies ads REE Mien lepers, eae {38 2 Rory ne Sete RA OTE 
: Negligible, 


2 é 
3 Tueludes Such items as minor corrections, process changes, sewer construction, treatment plants, ete. 


1 ° 

4 ai Program contemplates sealing of 7,100 ton-years of acid. 

5 Negligible: incidental to flood control if provided. . 
™ated additional cost of program if provided during present emergency period. 


90035—43—pt. 1 8 
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ApprpENDIX K 
LITTLE MIAMI RIVER BASIN 
SUMMARY 


369. General description.—The Little Miami River joins the Ohio 
River 464.1 river miles below Pittsburgh, Pa. Its basin comprises 
1,755 square miles situated in a glaciated region wholly within 
southwestern Ohio, and constitutes a broad plateau, ranging in eleva- 
tion from about 900 to about 1,200 feet above mean sea level. Princi- 
pal tributaries are Caesar Creek and Todd and East Forks. A general 
map of the basin is shown on plate 35. 

370. There are no hydroelectric developments or outstanding 
mineral resources in the basin, and timber cover has been largely 
removed. Ohio River Dam No. 37 provides slack water in the lower 
mile of the stream. Fertile soil and climatic conditions favor agri- 
culture, and agriculture and canning are the most important economic 
pursuits. Industrial development has begun on the lower reaches 
of the stream, adjacent to the Cincinnati metropolitan area, and the 
proximity of the basin to population centers has resulted in its exten- 
sive use for recreational purposes. 

371. Xenia, with about 10,630 inhabitants (1940 census) is the 
largest city in the basin. Total population, exclusive of the Cincin- 
nati metropolitan area, approximates 135,500, and is dbout 82 per- 
cent rural. Both urban and iural population have increased about 
15 percent since 1910. 

372. Water uses.—There are 21 public water supplies in the basin 
of which 4, serving about 3,200 persons and aggregating 0.16 million 
gallons per day, are from surface sources, in all cases tributary to the 
main stream. Coagulation, sedimentation, filtration, and chlorina- 
tion are applied to all surface supplies. Most communities use groun 
water which is limited in quantity in many sections, and generally 
hard, with high iron content. With the exception of Batavia an 
Williamsburg, surface water supplies are located above community 
sewer outfalls and are not seriously affected by pollution. The 
prevalence of stock watering and an increasing public demand fot 
aquatic recreational facilities appear to warrant the application of 
high standards of stream quality. In addition, the inadequacy 0 
ground water supplies indicates possible increased future public use 
of water from surface sources. Industrial water supply is not ® 
major problem. 

, ee Low flow characteristics at two stream stations in the basiD 
ollow: 


Pe ee eee ee eee ee nO SE ee ee eS eS 


ihraitiane Cet Bienes oe SES OSES aS Si C8 ae, Ne er ea eee Little Miami | East Fork Little 
iver Miami River 
IOCRE OND tre ee oe eS ae oer a eet ep eae ror Pe sea e se Milford Perintown 
Wraimnge ares auareamiles): 2-050 Ul tt ean chseswse aekdeesea 1,195 477 
Perigd Consideres tga vente castle Le ag essen te aes 1924-39 1914-39 
June to September discharge (cubic feet per second): 1 
PTEAIL SiROIG. GION U, bt. se 2g: 8) oct cet deo uel seed ak bab gene 70 5 
Aine a-MONUL BVOTERCr so Jaks. so ccsec acces de cca wcsentcan 107 68 
EC chs oo een oe 6 i a SE aE aie eee Ors Se NP ae | 683 2 
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374. Sources of pollution—About 109,700 persons, of which 78,000 
are situated in Cincinnati and its suburban areas, are served by 
sewers. Industrial wastes having a population equivalent of 60,700 
(based on biochemical oxygen demand), of which 51,000 is from the 
Cincinnati area, are discharged to the streams of the basin. Exclu- 
Sive of the Cincinnati industrial waste load, 4 of the 10 canneries 
contributing the remaining industrial load have taken steps to reduce 
the strength of their wastes, and 2 vegetable canneries discharge 
wastes, having a 2,800 total population equivalent, to municipal 
treatment plants. Three primary. and 8 secondary municipal treat- 
ment plants in which about $530,000 have been invested serve 8,100 
and 16,500 persons, respectively. These aid in reducing the combined 
population equivalent of domestic and industrial wastes .to about 
149,100 as discharged to streams. Summarized data follow: 

Waste sources: 
Total population (1940 census): 
Cincinnati and suburbs (Little Miami River 
DOPLON) 1.6 ct erachihad ocd bac Sek ie 81, 000 
Remainder of Little Miami River Basin____ 135, 474 
ci te 91g ae 
Sewered population: ——— 
Connected to municipal treatment: 
Cincinnati and suburbs (Little Miami 
iver POMIONY 2a l ao 3s as ae iS 0 
Remainder of Little Miami River Basin. 24, 600 


24, 600 
Not connected to municipal treatment: 
Cincinnati and suburbs (Little Miami 
River Boron) © Aawecen bac eecees 78, 000 
Remainder of Little Miami River Basin. 7, 100 
855100 
———. 109, 700 
Industrial wastes (population equivalent after 
application of independent corrective measures 
now in force but prior to other treatment): 
Connected to municipal treatment: 
Cincinnati and suburbs (Little Miami 
River: pormlonyes oo. oe eae eee 0 
Remainder of Little Miami River Basin. 2, 800 ‘ 
saa as parame , 800 
Not connected to municipal treatment: 
Cincinnati and suburbs (Little Miami 
River portion}. 2 23261 -) Settee 51, 000 
Remainder of Little Miami River Basin. 6, 900 


60, 700 
Total (population equivalent) ---.------..-.------=-- 170, 400 


Wastes as discharged: 
Human wastes (sewered) (population equivalent 
after all present treatment): 
Connected to municipal treatment: 
Cincinnati and suburbs (Little Miami 
River: PUrplon yes se ee 0 
Remainder of Little Miami River Basin 4, 700 ans 
? 
Not connected to municipal treatment: 
Cincinnati and suburbs (Little Miami 
River’ Basin “portion)\.o 220-22 78, 000 
Remainder of Little Miami River Basin. 7,100. 
———. |, 85, 100 
St; ee 
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Wastes as discharged—Continued 
Industrial wastes (population equivalent after all 
present treatment): 
Connected to municipal treatment: 
Cincinnati and suburbs (Little Miami 
River Basin portion) 24 x 6b, cena be 0 
Remainder of Little Miami River Basin. 1, 400 


1, 400 
Not connected to municipal treatment: 
Cincinnati and suburbs (Little Miami 
Rivers Danini portion) itn o< tienes 6h 51, 000 
Remainder of Little Miami River Basin. 6, 900 
: een TF 900 
— 59, 300 
Total waste residual (population equivalent) __._.._-_- 149, 100 


375. Extent of pollution—The Public Health Service collected and 
analyzed more than 400 water samples from over 35 stream stations 
in the basin during the period January 1939, to April 1940. Sampling 
dates were well distributed throughout the period. Reaches showing 
the greatest extent of pollution are the following: 

(a) Little Miami River: A single sample collected above South 
Charleston in September 1939, had a dissolved oxygen content of 4.0 
parts per million. Other dissolved oxygen results for the main stream 
averaged uniformly above 5 parts per million, except below Beech- 
mont Bridge in the Cincinnati metropolitan area, where 4 samples in 
October and November 1939, had an average dissolved oxygen 
content of 2.8 parts per million, biochemical oxygen demand of 7.0 
parts per million, and a coliform bacteria count of 4,600 per milliliter. 

(b) Caesar Creek below Jamestown: Two samples in August 1939, 
had an average dissolved oxygen content of 2.5 parts per million; a 
third, collected in October 1939, contained 3.4 parts per million. 
Flows averaged about 1 cubic foot per second on the sampling dates. 

(c) Lyttle Creek above and below Wilmington: Samples in the 
latter months of 1939 showed severe oxygen depletion, high biochem- 
ical oxygen demand, and high coliform bacteria counts. Flows were 


ow. 

(d) Turtle Creek below Lebanon: From 1 to 3 samples in each 
month from July 1939, to January 1940, with the exception of Decem- 
ber 1940, showed average dissolved oxygen results ranging from zero to 
5.0 parts per million, biochemical oxygen demands ranging from 2.4 
to 46.0 parts per million, and coliform bacteria counts as high as 
240,000 per milliliter, and not less than 1,580 per milliliter. 

376. Laboratory results for water samples collected on 23 days 
between March 1939, and April 1940, showed the dissolved oxygen 
content of the Little Miami River at Beechmont Bridge (river 
mile 4.3) to be consistently less than that of the Ohio River above their 
junction. The biochemical oxygen demand and coliform bacteria 
content of the tributary were consistently higher than those of the 
main stream. During the same period, the Little Miami River above 
the Cincinnati metropolitan area was similar in quality to the Ohio 
River above their junction. 

377. Plates 35, 36, and 37 include data on sources of pollution, and 
on coliform bacteria and dissolved oxygen results for the Little Miam1 
River Basin. 

378. Methods of pollution control—Pollution problems in the Little 
Miami River Basin are minor, generally of local significance, and can 
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be satisfactorily solved by waste treatment. The cost of a suggested 
program of pollution control is shown in the following table. The pro- 
gram would eliminate local nuisance, protect valuable aquatic recre- 
ational facilities, and improve streams in anticipation of further use 
for public water’ supply. 


Suggested program of pollution control for the Litile Miami River Basin—Economic 


aspects 
Suggested pollution control : : ; 
aaa Population Estimated cost 
Lt EE SAAS Be A eS roi. Ae AEE, pI Se PP a SB ES 


Annual 


Num-}| Now 1940 : 
Type ber |sewered| census Design | Capital Opera- | Amorti- 


tion and} zation 
mainte- | and Total 
nance | interest 


CS Ss eS ee ee | ee —. 
Municipal treatment: 
piensgry £84. te 3] 2,900} 5,000} 5,500! $70,000! $3,000] $7,000] $10,000 
Secondary_-.-------._- 8| 4,200] 6,000} 6,800| 230,000! 10,000] 16,000 26, 000 
Improvements_----.-_- 3] 19,100 | 20,500 |.-._..__- 110, 000 3, 000 6, 000 9, 000 
+... Sabtotal._..---2-..: 14 | 26,200 | 31,500 |...._..- 410,000} 16,000} 29,000 45, 000 
Tnitceptors BS: Seis I NT lle Lie es Asie PL 120,000] (1) 5, 000 5, 000 
dustrial treatment__.____ (Ob by peice poems = ee BET Shia os 50, 000 4, 000 6, 000 10, 000 
pete eee SSP ARSS PSST TSS ES As wee PRN 
° 3 Bites vga: SEE ee ee Ceeneees Seeoeee Seer 580,000 | 20,000} 40,000 60, 000 
Mergency allowance, 20 
2 oT eS en epee es Oe er ara) sae eee w Oey Oa I20A000 Ne os Fac heed | ce 
Piteliye ret ite: bh otra ae ikea arena 700; 0006) =o tO: Chal eer lives ny 
5S es ee ee Oe. Oe ee Os ee ee ees Pe | 


‘ Negligible. 
s Includes such items as minor corrections, process changes, sewer construction, treatment plants, ete. 
Stimated additional cost of program if provided during present emergency period. 


AprPpenDIxX L . 
LICKING RIVER BASIN 
SUMMARY 


‘ 379. General description—The Licking River ae the Ohio River 
Tposite Cincinnati, Ohio, 470.2 river-miles below Pittsburgh, Pa. 
who basin of the Licking River comprises 3,670 square miles situated 
b olly within Kentucky, and is mainly hilly and mountainous. The 
“Wea. also includes a portion of the blue-grass region. Principal 
Tibutaries are the North and South Forks. A general map of the 
Tea is shown on plate 38. : 
of 80. The Licking River Basin is predominately rural, and, outside 
Tyee area at its mouth, agriculture is the principal economic pursuit. 
and ete attractive hydroelectric power reservoir sites in the basin, 
Mont” Mein river is navigable to a point about 3 miles above its 
hee Timber resources are almost exhausted, mineral resources 
Ke ude coal, oil, iron ore, sandstone, and fire clays, none of which 
3 extensively worked. 
Since | he population of the valley has remained virtually unchanged 
i “a adhe and now approximates 170,100 of which about 15 percent 
the tDan. Winchester, Paris, Cynthiana, and Mount Sterling are 
Principal communities. Their populations are, respectively, 8,594, 
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6,697, 4,840, and 4,782 (1940 census). All 4 are located in the 
tributary South Fork area. 

382. Water uses——There are 17 public water supplies in the basin 
of which 13, aggregating about 2.56 million gallons per day and 
serving 36,200 persons, are from surface sources. Five of the latter 
are situated below sources of sewage pollution; however, only 2 of 
these, serving a total of 5,400 persons, are seriously affected. ‘Coagula- 
tion, sedimentation and chlorination are practiced by all communities 
using surface waters, and 10 supplies are filtered. 

383. There are no outstanding recreational developments in the 
basin, but its streams are used for fishing and bathing by local resi- 
dents. There is no industrial water-supply problem. 

384. Low-flow characteristics at two stream stations in the basin 
are as follows: 


[Ling hor ate plated be lB 2) Ue ee ae Bs Oy Ee ed MR ee Sn i 6! Licking River | South Fork, 


Licking River 

URNIOH St oe tee Bioeth Se 2 ate Catawba, Ky.| Hayes, Ky. 
SO TRIOA OC RMPOnE (STAR Med) <2 a0 oe ee ee Sg ee een 3.320 922 
Period considered _-_._._-- SRI OL TA Le aie Baia ac A ET Rae hs! A ee 1928-40 1928-31 
June to September discharge (cubic feet per second): 

Minimpm single month: je ie deelc ogee Sn pe pe Ee et 12 

Minimtim 4month averdge.2 vi os ok ssc5cli cc Sacceoeeou we de 34 4 

MEVOINE OY SamO SEE doe « fentOea tee icotes eee tas sae tee ees a 1,716 503 


385. Sources of pollution —About 25,200 persons, or 15 percent of 
the population of the basin, are served by sewers. Industrial wastes 
from 7 small establishments have an additional net population 
equivalent of 3,300 (based on biochemical oxygen demand) after 
application of various corrective measures in 5 of the establishments. 
None of the industrial wastes receive municipal treatment. Two 
secondary municipal sewage treatment plants, in which about 
$290,000 have been invested, serve 11,200 persons and aid in reducing 
the net population equivalent of domestic and industrial wastes to 
about 18,900, as discharged. Pollution by acid mine drainage is of 
little significance. Summarized data follow: 


Waste sources: 


Potdl peputation (1940 eensus) i oo5 3 UE a kee dn toe le 170, 143 
—_— 
Sewered population: 
Connected to municipal treatment__-----..-._.__-- 11, 200 
Not connected to municipal treatment____...-.____- 14, 000 200 
? 
Industrial wastes (population equivalent, based on bio- 
chemical oxygen demand, after application of inde- 
pendent corrective measures now in force, but prior to 
other treatment) : 
Connected to municipal treatment____-.--._------- 0 
Not connected to municipal treatment: ; 
WRCGR one Soe ra Sekt tie tied s - 400 
AS ey pod Bar Sle ee & 300 
Piipoiameees Oc sea st Gch ceca: 2, 600 
3, 300 
300 
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Wastes as discharged: 
Human wastes (sewered) (population equivalent after 
all present treatment) : 


onnected to municipal treatment___-_--...-.-.--. 1, 600 

Not connected to municipal treatment_____.._.___- 14, 000 
——— 15,600 

Industrial wastes (population equivalent after all present 
treatment) : 

Connected to municipal treatment____._....._----- 0 

Not connected to municipal treatment_-___--__----- 3, 300 
: —— 3,300 
Total waste residual (population equivalent) __.......--__- 18, 900 


Norr.—Single industries of a specific classification are included within the miscellaneous classification. 


386. Extent of pollution—The Public Health Service collected and 
analyzed more than 260 water samples from over 45 stream stations in 
the ‘basin during the period from February 1939 to March 1940. 

ampling dates were well distributed throughout these months. In 
8eneral, pollution problems appeared to be of a local nature. Reaches 
Showing the greatest evidence of pollution are as follows: 

(a) Triplett Creek below Morehead: Three samples collected in 
September and October 1939 had an average dissolved oxygen con- 
tent of 2.5 parts per million, biochemical oxygen demand of 4.3 parts 
Per million, and coliform bacteria count of 528 per milliliter. Stream 

Ischarge was low. 
. (6) Hinkston Creek below Mount Sterling: Five samples collected 
™ September and October 1939 showed complete oxygen depletion, 
& average biochemical oxygen demand of 31.6 parts per million, and 
average coliform bacteria count of 84,400 per milliliter, at low flow. 
S (c) Hinkston Creek below Millersburg: Four samples collected in 
€ptember and October 1939, had an average dissolved oxygen con- 
ht of 2.6 parts per million, biochemical oxygen demand of 2.9 parts 
Per Million, and coliform bacteria count of 73 per milliliter. 
f (d) Brush Fork and Scrub Grass Creek at Carlisle: Single samples 
Tom each stream showed an average dissolved oxygen content of 3.0 
Parts per million and biochemical oxygen demand of 16.4 parts per 
ion, 
f (e) Strodes Creek in the vicinity of Winchester: The averages for 
Sole 2 to 5 samples at each of 3 sampling stations showed the dis- 

Ved oxygen content to range from 1.0 to 3.5 parts per million. 
nh (f) Stoner Creek below Paris: Complete oxygen depletion was 
ped In 3 samples in September and October 1939. Biochemical 

BY: Sen demand averaged 44.9 parts per million, the average coliform 
teria count approximated 46,000 per mililiter. Flows were low. 

at ¢. Partial oxygen depletion was also noted in the South Fork 

di ow Cynthiana. However, with the exception of the noted localities, 

Ssolved oxygen results generally averaged in excess of 6.5 parts per 
Ob ‘on, and biochemical oxygen demand less than 3 parts per million. 

Bon ed pH values were consistently above v0; : 
Ap at Analytical results for 20 sampling days during the period 
Parte December 1939 showed the dissolved oxygen content of the 
Gare River at river mile 3.3 (April to June) and at river mile 5.5 
Rive to December) to be consistently less than that of the Ohio 
form por ove their junction. Biochemical oxygen demand and coli- 

3 acteria results were similar for the tributary and the main river. 
lates 38, 39, and 40 include data on sources of pollution, 
River proliform bacteria and dissolved oxygen results for the Licking 

sin, 
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390. Methods of pollution control—Because of the low summer 
flows experienced in the Licking River Basin, need for secondary 
waste treatment is indicated at numerous communities. However, 
problems are generally local in nature and readily amenable to solu- 
tion. Low flow control does not appear to be an economically 
attractive substitute for conventional waste treatment methods. 

391. The cost of a suggested program of pollution control is shown 
in the following table. The program will eliminate local nuisance 
conditions, improve the streams for use as sources of public water 
supply, and preserve and improve recreational facilities. | 


Suggested program of pollution control for the Licking River Basin—Economic aspects 


—_—<$$—<<<— 


Suggested pollution control ; 
measufes Population Estimated cost 
-_ a 
Annual 
OR es, Fn a A eS RE i ye 
Num-| Now 1940 
Type bar | onwaed | canaus Design | Cepital | Opera- | Amorti- 
tion and | zation Total 
mainte- 
nance | interest 
es eee ees See Se eee ees ee eee See i 
Municipal treatment: 
Primary_.....--------- 2| 1,200} 2,500} 2,800} $40,000] $1,500] $2,500 $4, 000 
Secondary........----- 11 | 12,800 | 20,100 | 23,800] 420,000} 20,000} 30,000 50, 000 
Improvements.--..---- Li] <8) 800+}, $97000;| 222424. - 60, 000 2, 500 3, 500 6, 000 
aa ES ks a, Pe) Se es eR ae! WES A ey Mia ee Sel, ——— 
Subtotal............- 14} 20,300 | 31,600 |.-_-.--. 520,000 | 24,000 | 36, 000 60, 000 
LETTS Net CTTgc tS RES aoa SESE SEE RT RARE (OM Sy NS 180, 000 ) 8, 000 8, 000 
Industrial treatment-_..__- a eee a METER) EES 10, 000 1, 000 1, 000 2, 000 
| a ee ee ee ee eee eee Se ee a Se a 
ro1212) 20 (1? RRS Sn en bee ge, Sy a Drala | In ata 710, 000 25, 000 45, 000 70, 000 
Emergency allowance, 20 
Cos Le OE ie Seas el ee ae ee ee, eee eee eee « eI TUR es 1h Ree ee pate oe re | ere 
UN 1s) Aah Teas eee dy Mes Core wes Fee oo Po Py tne ee ie BDO, OOO) jas Se he aes Ot soa 
1 Negligible. 


2 Includes such items as minor corrections, process changes, sewer construction, treatment plants, etc. 
3 Estimated additional cost of program if provided during present emergency period. 


Apprnpix M 
MIAMI RIVER BASIN 


SUMMARY 


392. General description—The Miami River drains an area of 
5,385 square miles, about three-fourths of which is situated in south 
western Ohio. The remainder of the area is in southeastern Indian® 
The stream joins the Ohio River 491.1 river miles below Pittsburgh» 
Pa. The topography of its basin varies from gently rolling areas 
hilly sections. Upland elevations range from about 800 to abou 
1,100 feet above mean sea level. The Whitewater, Stillwater, aD 
Mad Rivers are important tributaries. A general map of the are# 
is shown on plate 35. 

393. Natural resources include tillable soil, limestone, sand, ravel; 
and abundant ground water; however, the basin is singularly barre? 
of essential raw materials necessary to the operation of the diversifié 
industry located within its boundaries. Hydroelectric power is pr 


. 


ns 
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duced on a small scale, but large scale development does not appear 
to be economically attractive. The river is regarded as navigable to 
= head of beneficial slack water provided by Ohio River Dam 

0. 38. 

394. The basin as a whole is well developed, both agriculturally 
and industrially. Manufactured products include paper, machinery, 
tools, automobile parts, sheet metal, metal products, textiles, canned 
foods, and dairy products. Paper manufacturing is the largest 
Industry. 

395. Both urban and rural populations have increased rapidly in 

e last several decades, and the total population of the basin now 
&’pproximates 830,500 of which about 60 percent is urban. The 
ae cities, together with their populations (1940 census), are as 
Olows: 

Dayton, Ohio___...-----_--- 210, 718| Hamilton, Ohio. _.__..-__--- 50, 592 
Pringfield, Ohio. __________- 70,662 | Richmond, Indueocfcucel 2. 35, 147 

396. Water uses —There are 64 public water supplies in the basin 
Of which 5, serving 101,300 persons and aggregating 12.51 million 
8allons per day are from surface sources. The remainder are from 
stound water sources which appear to be plentiful and of good chem- 
teal quality. All surface supplies are chlorinated and 3 are lime-soda 
Softened. The supplies at Greenville and Piqua are located below 
Community sewer outfalls and thus are subject to pollution. In 
Fucral, pollution does not seriously affect other public water supplies. 

4OWever, an increasing public demand for improved aquatic recrea- 

tional facilities and possible augmented use of surface water in the 

uture appear to warrant maintenance of high standards of stream 

Quality. Industrial water supply is of some importance but does 

Rot present a major problem. 

t 397. Low flow characteristics at two selected stream stations in 
€ basin are as follows: 


[Pwr pekicerv1ites 6. aasst Ailouilin Roktinaieistesissaislin Miami River | Mad River 
EEN TPT eee ema ash Fai Bm ae Dinbae o bts 3 Hamilton, Ohio] Dayton, Ohio 
Meee aeideted 550 112) J) TO a Se 1910-40 1914-39 
Almage area (square miles)_.._-__--.---.-_------ ahs baee Sco 3,639 632 
J 
HR to September discharge (cubic feet per second): 
Minimum Siigie month ZUG AE VICE Ne ie eae ake 335 125 
A iitnggra d-month averages! s<suck. mohacs{iibamrancrscedaldewe 465 145 
een ee en wo Os + eS Al Ae Se eee 1,746 466 
Rea TOE WOLCOTT Sis SIOEIE Ney Tee rl eee 6 Petes yee eas cee 
of 398. Sources of pollution.—Pollution of the Miami River is typical 
ahs ) 


highly developed and industrialized area. Sewage from 550,500 
*rsons, in 64 communities, and industrial wastes having an approxi- 
d ate population equivalent of 401,500 (based on biochemical oxygen 
; eed): after application of various minor corrective measures by 
ares B are the principal pollutants. About 333,400 persons are 
paket by secondary treatment in 21 communities, and 10 munici- 
\tles provide primary treatment for a total of 89,000 persons. A 

d, of about $9,380,000 have been invested in these facilities. 

lee trial wastes with an approximate population equivalent of 


200 are also connected to municipal treatment, and at least minor 


\ 
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corrective measures have been taken at 40 of the 89 remaining indus- 
trial pollution sources of significance. Summarized data follow: 


Waste sources: 


Total population: (1040 census) ~- ad acon che Soke eae ea 830, 481 
Sewered population: —=== 
Connected to municipal treatment___.........-.--- 422, 400 
Not connected to municipal treatment-_------------ 128, 100 
550, 500 
Industrial wastes (population equivalent, based on bio- 
chemical oxygen demand, after application of inde- 
pendent corrective measures now in force, but prior to 
other treatment): 
Connected to municipal treatment_____-..--------- 166, 200 
Not connected to municipal treatment: 
BrewingiticetorletissGu sed aos oe 1, 700 
BS Av te a See ope ete Ore Serena & 26, 800 
Ps hus icy ae eee eh daa ED ing eas 3, 200 
Bike Je eGbli nives itis iso 1, 500 
Paper. >. Jvch Uucoieatr jsgo 0s 167, 000 
Miseellancous sic) ) ce ok eS bees 35, 100 
————— 235, 300 
———— 401, 500 
Total (population equivalent) _......---------------- 952, 000 
Wastes as discharged: 
Human wastes (sewered) (population equivalent after all 
present treatment): 
Connected to municipal treatment__.___........--.-L_----- 88, 700 
Not connected to municipal treatment.___-_....-..-------- 128, 100 
216, 800 
Industrial wastes (population equivalent after all present 
treatment) : 
Connected to municipal treatment___.__-..--------- 30, 600 
Not connected to municipal treatment. -_-_--------- 235, 300 
———— 265, 900 
Total waste residual (population equivalent)_--..-.-.--.-- 482, 700 


Nore.—Single industries of a specific classification are included within the miscellaneous classificatioD« 


399. Nineteen metallurgical industries discharge approximately 
6,875 tons of acid pickling Sano per year (calcium carbonate equiva- 
lent) into the streams of the basin. 

400. Extent of pollution—The Public Health Service collected and 
analyzed over 975 water samples from more than 75 stream stations 
during the period from February 1939 to April 1940. Reaches show- 
ing the greatest extent of pollution are the following: 

(a) Miami River below Dayton, Ohio: One or more monthly 
averages, each based on from 2 to 5 samples, collected at each of 
stations between Dayton and Hamilton, Ohio, during the perio 
August to October 1939, had dissolved oxygen contents ranging fro™ 
4.0 to 5.0 parts per million. Corresponding biochemical oxyge? 
demand values ranged from 4.6 to 8.6 parts permillion. Colifor!™ 
bacteria counts were uniformly high. On the sampling dates, flow’ 
averaged somewhat less than mean summer discharge. 

(b) Jacket Creek below Bellefontaine, Ohio: Two samples in SeP” 
tember 1939 showed complete oxygen depletion and an average b10- 
chemical oxygen demand of 36.6 parts per million. Coliform bacter!® 
counts averaged 175,000 per milliliter. Flow averaged 34 cubic feet 
per second. 
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401. Single monthly averages, each based on from 1 to 3 samples, 
also Riomart dissolved oxygen of 5 parts per million or less in Buckanga- 
helas Creek above De Graff, Ohio; in the East Fork of Whitewater 
iver above Richmond, Ind.; in Dismal Creek below Union City, 
hi0; in Greenville Creek below Greenville, Ohio; and in Stillwater 
iver below Covington, Ohio. Monthly average biochemical oxygen 
emand results in excess of 5 parts per million were observed through- 
at the length of the Miami River, and on tributaries below pollution 
Ources. 
402. Laboratory results for 67 sampling dates during the period 
March 1939 to April 1940 showed the dissolved oxygen content of the 
lami River, 4.2 miles from the mouth, to be higher than that of the 
0 River above their junction about 55 percent of the sampling — 
’ys. The biochemical oxygen demand of the tributary was higher 
than that of the Ohio River about 87 percent of the time, and the 
‘piform bacteria count was lower on about 67 percent of the sampling 
ys. 
403. Plates 35, 36, and 37 include data on sources of pollution, 
8nd on coliform bacteria and dissolved oxygen results for the Miami 
iver Basin. 
404. Methods of pollution control.—Limitations in existing, practical 
ethods of industrial waste treatment are controlling factors in 
®batement of pollution in certain stream reaches in the basin. Other 
Pollution problems are readily amenable to solution by waste treat- 
Ment. Low flow regulation offers little promise as an economic 
facthod of pollution control although its provision as an incidental 
ature of flood-control development would be desirable. 
i 405. The cost of a suggested pollution control program is shown 
-2 the following table. The program would eliminate local nuisances, 
Re Prove aquatic recreational facilities, improve streams for use as 
ater supplies, and establish satisfactory stream quality in antici- 
Pation of extended public use. 


Suggested program of pollution control for the Miami River Basin—Economic aspects 


Suggest. 
Sr natlon control Population Estimated cost 
Annual 
Type Num-| Now || 1940 | Design | Capital | Opera- | Amorti- 
ber | sewered | census tion and| zation Total 
mainte- n 
nance | interest 
Be oe fh oy | ears Hales ds Bok rs Pie 
Municipal treatment: 
ar, | ae 7 | 99,200 | 100,000 | 108,700 | $820,000 | 40,000 | $58,000 | $98, 000 
(2 Sagan, Sai 18 | 28,000 | 39,000 | 50,300 | 820,000} 40,000 | 58,000] — 98, 000 
Provements_________ 7 | 71,000 | 86,700 |..-..--.- 480,000 | 15,000} 34,000 49, 000 
Subt (eeEaRs pr Ey Se Saga’ Pade aS 
In | Ee 32 | 198,200 | 225,700 |...-..--- 2,120,000 | 95,000 | 150,000 | 245.000 
Indcentors So eRe eer eeaptte BREE S Sigs hd BA 1, 560, 000 () 75, 000 75, 000 
al treatment Sia] rs MAY [eae Saye Ser meee ett aos a 1, 180, 000 185, 000 155, 000 340, 000 
a Sr El Maia Mee, Rs 4, 860,000 | 280,000 | 380,000 | 660, 000 
Percent 3 = Fence, 20 Gis os. eet el caee eee 
oS ace Ea WT CSRAY Sa? 690, 000 12 enue aia; 


: Negligible, 
. Estinneg such items as minor corrections, process changes, sewer construction, treatment plants, ete. 
d additional cost of the program if provided during present emergency period. 
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AppENDIx N 
KENTUCKY RIVER BASIN 
SUMMARY 


406. General description—The Kentucky River Basin lies within, 
and comprises about one-sixth of the area of Kentucky. It drains 
6,940 square miles and joins the Ohio River 545.8 river miles below 
Pittsburgh, Pa. The headwater regions are rugged and mountainous, 
the middle area is characterized by isolated hills, and downstream 
areas are primarily fertile tableland. Principal tributaries include 
Eagle and Elkhorn Creeks, Dix and Red Rivers, and North, Middle, 
and South Forks. A general map of the area is shown on plate 38. 

407. The river is now canalized to river mile 258.6, the extent of . 
the main stream. The further development of hydroelectric power 
in the area offers attractive possibilities. Economically important 
mineral resources of the basin are coal, petroleum, phosphate rock, 
building stone, calcite, barite, fluorspar, galena, sphalerite, cement 
rock, and oil shale. Coal mining of national importance and agri- 
culture are the principal economic pursuits. Much of the food crops 
are processed in the basin, and the distilling industry, which produces 
about 10,000,000 gallons of whisky annually, is of considerable 
importance. 

_ 408. The population of the valley has increased about 35 percent 
since 1910, and now approximates 482,000 of which about 20 percent 
is urban. Lexington, the largest city, has about 49,300 inhabitants, 
and, with the exception of Frankfort, which has about 11,490, no 
other community in the basin has as many as 10,000 inhabitants. 

409. Water uses.—There are 38 public water supplies in the basi? 
of which 19, aggregating about 10.27 million gallons per day and 
serving 132,800 persons, are from surface sources. Although 10 
surface water supplies serving 113,300 persons are obtained from 
below sources of pollution, only at Irvine are the effects of pollutio? 
serious. Chlorination is practiced by all communities using surface 
waters, 18 supplies are coagulated and settled, and 16 of the lattef 
are filtered. The supply at Berea is chlorinated only: Ground 
water is available generally, but in limited quantities only, and its 
chemical quality is usually poor. 

410. Recreational activities such as swimming, boating, and fishing 
are extensive on the Kentucky River and many of its tributaries: 
Industrial water supply is not a major problem. 

411. Low flow characteristics of the Kentucky River at two selected 
stream stations are as follows: 


Rateati rack ax sna cer cea ae rena fy tiets veterribe ets ne atte oes ate! Kentucky River 
PSQORION. Cones ith jo -Wecsee nan LAL te Rie death ket Winchester Frankfort 
3,96 5 


960 14 
ROEM WOHSINErOt : Acie ese i a das nee eeee bende 1909-40 1925-40 


June to September discharge (cubic feet per second): ot 
snurmtn Siig ie maON Cio. t ee See ols sea odaeedonsc cede eb 16 41 
WE Vine ARMOTDO GVGTACR sco. atk ue Sonnet seh woe cea 3 1 
PEN CtRe st tee tees He ae Siem EAS Wy ge cna eRe Ree yan 1, 967 3; 
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412. Sources of pollution——About 105,300 persons, or 22 percent 
of the population of the basin, are served by sewers. Industries, 
after application of various corrective measures, contribute wastes 

aving an additional population equivalent of 131,400 (based on 
biochemical oxygen demand), of which 32,900 receives further treat- 
Ment in municipal plants. Of the 23 industrial establishments whose 
Wastes do not receive municipal treatment, 9 distilleries account for 
about 90 percent of the total waste load. Fifteen industrial establish- 
Ments, including all of the distilleries, have taken at least minor 
Corrective measures toward reducing their pollution of the streams. 
Three primary and 10 secondary municipal waste treatment plants, 
m which about $1,370,000 have been invested, serve 1,200 and 68,200 
Persons, respectively, and aid in reducing the combined population 
equivalent of domestic and industrial wastes to about 150,400, as 

ischarged. Summarized data follow: 


aste sources: 


Total population (1940 census)... 2/0205. eed 481, 969 
Sewered population: 
Connected to municipal treatment___..------------ 69, 400 
Not connected to municipal treatment_-____._____- 35, 900 
105, 300 


Industrial wastes (population equivalent after application 
of independent corrective measures now in force but 
prior to other treatment): 


Connected to municipal treatment___-....-..-_---- 32, 900 
Not connected to municipal treatment: 
Canningtets syilisch eaere peit e 6, 300 
asine. hn! at a eed ae sse aed 86, 200 
WiCSG Ree ee ee oe eee 1, 100 
fa ki pAlb nn APE Lage ls Bed ph <a plea NS cpaly Ae 1, 000 
Miscellaneolis iy Weary 2 BOTs IS 3, 900 
98, 500 
—— 131, 400 
Total (population equivalent). ---...-..-.-..----___- 236, 700 


Wastes as discharged: 
uman wastes (sewered) (population equivalent after all 
present treatment) : 


Connected to municipal treatment____--...--------- 11, 100 
Not connected to municipal treatment_____..--___- 35, 900 

47, 000 

Industrial wastes (population equivalent after all present 

treatment) : 
Connected to municipal treatment__--------------- 4, 900 
ot connected to municipal treatment------------- 98, 500 

103, 400 

Total waste residual (population equivalent) --....-.------ 150, 400 


Note —gingle industries of a specific classification are included within the miscellaneous classification, 


tatl:. Acid mine drainage causes problems of primarily local impor- 
Nee in the area drained by the North Fork. Mine sealing has 
2 ved the acid load carried by the streams prior to the inception of 
abo Sealing program by about 30 percent. The present acid load is 
“oh 30,470 tons per year (calcium carbonate equivalent). 
anal 4. Extent of pollution—The Public Health Service collected and 
stat>, zed more than 260 water samples from more than 80 stream 
four Ss» during the period March 1939 to January 1941. Seventy- 
Percent of these samples were collected in September, October, 


Ted 
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and November, 1939. In general, discharges on the sampling dates 
during the latter period were less than the mean summer discharges 
of record. Pollution problems in the basin appear to be of a local 
nature. Typical of such problems are the following: 

(a) North Fork Kentucky River below Hazard: Single samples 
taken at 3 points below Hazard, during October 1939 had dissolved 
oxygen contents ranging from zero to 3.3 parts per million, and aver- 
aging 1.1 parts per million; biochemical oxygen demand results rang- 
ing from 8.8 to 106.2 parts per million, and averaging 67.3 parts per 
million; and coliform bacteria counts ranging from 4,600 to 110,000 
per milliliter. Discharge averaged about 1 cubic foot per second. 
Two samples collected at a station 21 miles downstream showed an 
average dissolved oxygen content of 10.2 parts per million, biochemical 
oxygen demand of 1.7 parts per million, and coliform bacteria count 
of 5 per milliliter. 

(b) North Fork Elkhorn Creek below Georgetown: Two samples 
collected in September and October, 1939, at a station 1 mile below 
Georgetown had an average dissolved oxygen content of 2.2 parts per 
million, biochemical oxygen demand of 20.8 parts’ per million, and 
coliform bacteria count of 48 per milliliter. Flows were low. 

415. Partial or complete oxygen depletion was also observed in 
Wright Fork at McRoberts, North Fork below Whitesburg, Goose 
Creek above Manchester, Dreaming Creek below Richmond, Silver 
Creek and Walnut Meadow Branch below Berea, Town Branch below 
Nicholasville, St. Asaph Creek below Stanford, Town Branch below 
Lancaster, Clark Run and Town Branch below Danville, Penitentiary 
Run at mouth, Kentucky River below Frankfort, Town Branch below 
Lexington, and South Fork Elkhorn Creek below the Narcotic Farm. 
With the exception of local areas, dissolved oxygen results during 
the sampling period were generally above 6.5 parts per million, an 
biochemical oxygen demand results less than 3 parts per million. 

416. Laboratory results for 55 sampling dates during the period 
March 1939 to January 1941 showed the dissolved oxygen content 0 
the Kentucky River at the mouth to be higher than that of the Ohi? 
River above their junction, on half of the sampling days. The 
biochemical exizen demand and coliform bacteria content of the 
tributary were less than those observed in the main stream on about 
75 percent of the sampling days. 

417. Plates 38, 39, and 40 include data on sources of pollution, and 
on coliform bacteria and dissolved oxygen results for the Kentucky 
River. 

418. Methods of pollution control—Abatement of pollution in thé 
Kentucky River Basin presents no difficult technical problems. The 
cost of a suggested pollution-control program is shown in the followin? 
table. The program would eliminate local nuisance conditions, pro; 
tect existing surface water supplies from upstream pollution, and 
improve surface waters for extended recreational and water supply us® 
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Suggested program of pollution control for the Kentucky River Basin—Economic 
aspects 
SS SRS SE aA a 8 SPT ER SS : SER ee US ee Se ae 


Suggested pollution control 


theantires Population Estimated cost 

5S + Se Ee Rs eee te 2 SS 28 eS. 
Annual 
Type Num-| Now 1940 | Design | Capital | Opera- | Amorti- 


ber | sewered | census 7 ‘ 
tion and| zation Total 


mainte- and 
nance | interest 


0 SE eS ee ae een ated — Sh Gebers Cael 1 Ate Sheth: 1S seer os ae ty SS oe ti bs ee 
Municipal treatment: 
Kimerg 180 eb Ph 3 | 18,200 | 20,000} 24,300 | $210,000} $9,000 | $14,000 | $23,000 
Secondary__..-.-.----- 7 | 17,500 | 20,800 | 23,300] 370,000} 20,000] 25,000 45, 000 
Improvements___-_---- BY lp COs | Os POs ee , 000 1, 000 6, 000 7, 000 
Inte; Subtotal........-.--- 13 | 83,400 | 92,500 |.....___- 670,000 | 30,000} 45,000 75, 000 
A gs RT aE RET FoR HES UE ER VEE TE 460,000} (1) 25,000 | 25,000 
wyustrial treatment_.____- (8) i babe ees (eres Sag Eee 360, 000 5,000 | 55,000 60, 000 
Sinmpading = 4936 AY (0 es neta se RAE Lites eae eae 130,000 | 14,000 5, 000 19, 000 
OO, ee aren a eaeeell teense = Fier 1,620,000 | 49,000} 130,000 | 179, 000 
Mergency allowance, 20 
1S Vii a ER ERTT go Canes ed Neeeph os oie! iets SERRA nee aero e SYURI NH Deere oem BAR pS BGR Ee 
Motabe<i7 oS ares lhl Atay st We iS ie ce 13940; O80F| <2 22 5c hla Ee eas 
hae ; 
in, li ; 
? Inet gible. 


2} udes such items as minor corrections, process changes, sewer construction, treatment plants, etc. 
Hitial program contemplates sealing of 9,520 ton-years of acid. ? 
Stimated additional cost of program if provided during present emergency period. 


ApPrpENDIX O 
SALT RIVER BASIN 
SUMMARY 


bh? General description—The Salt River Basin lies within the 

see grass area of north central Kentucky. The stream drains 2,890 

piuare miles and joins the Ohio River 629.9 river miles below Pitts- 
Ugh, Pa. Floyd and Rolling Forks are principal tributaries. A 

Seneral map of the basin is shown on plate 38. 

in 420. There are no flood control or hydroelectric power developments 

r the basin, and the river is not commercially navigable except for 

Te water provided in its lower reach by Ohio River Dam No. 43. 

Pa th valley is fertile and almost entirely under cultivation. Distilling 

. 494 Principal industry. 

19 1. Since 1910 the population of the basin has increased about 
1 Percent, to a present figure of approximately 139,900 of which about 
gporcent is urban. Harrodsburg, the basin’s largest city, has about 

mi abitants. Only 3 other communities have as many as 3,000 


tome itants, These are Shelbyville, 4,392; Lebanon, 3,786; and Bards- 
sete | 25 
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422. Water uses—There are 17 public water supplies in the basin 
of which 15, aggregating about 2.06 million gallons per day and serving 
26,500 persons, are from surface sources. Five of the latter, which 
serve a total of 4,300 persons, are situated below sources of pollution; 
however, no serious contamination problem exists in connection with 
these supplies. Thirteen of the surface supplies are coagulated, 
settled, and filtered, and all but 1 of these 13 are chlorinated. The 
2 remaining surface supplies receive no treatment. Industrial water 
supply presents no major problem. 

423. Discharge data for the Salt River are meager, the longest record 
being of but 18 months’ duration. However, the recreational appea 
of the streams of the basin is lessened because of the low flows which 
usually prevail during summer months. 

424. Sources of pollution —About 20,300 persons, or 15 percent of 
the total population of the basin, are served by sewers. Industria 
wastes after application of various corrective measures, contribute aD 
additional net population equivalent of 98,900 (based on biochemica 
oxygen demand), almost all of which is from distilleries. Less tha? 
1 percent of the industrial waste load receives further treatment i? 
municipal plants. At all 27 industrial establishments which aré 
sources of wastes not receiving municipal treatment, at least mino? 
corrective measures have been taken. One primary and _ sevel 
secondary municipal waste-treatment plants, in which about $670,000 
have been invested, serve 1,700 and 15,400 persons, respectively, an 
aid in reducing the combined population equivalent of domestic an 
industrial wastes to about 105,300, as discharged. Summarized dat# 
follow: 


Waste sources: 


Total population :(1040 Semsusp se. a. 139, 368 
Ss 
Sewered population: 
Connected to municipal treatment-__--------------- 17, 100 
Not connected to municipal treatment ----_._---_-- 3, 200 00 
ane 2 5 


Industrial wastes (population equivalent after ra apres me 
of independent corrective measures now in force but prior 
to other treatment): 


Connected to municipal treatment____........__-_-- 700 
Not connected to municipal treatment: 
imigrery se ute) LOST a es 97, 500 
Wet soot De ed stop eta ge 700 
98, 200 : 900 
Total (population equivalent) __._._.__--..--_.-.---- 119, 27 


Wastes as discharged: 
Human wastes (sewered) (population equivalent after all 
present treatment): 


Connected to municipal treatment___..__.....----- 3, 600 
Not connected to municipal treatment___.-_._----- 3, 200 g 300 
Industrial wastes (population equivalent after all present 
treatment): 
Connected to municipal treatment___-------------- 300 
Not connected to municipal treatment__.-___---_-- 98, 200 500 


Total waste residual (population equivalent)__......__._--_- 
Nore.—Single industries of a specific classification are included within the miscellaneous classificatio™” 
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425. Extent of pollution—The Public Health Service collected and 
analyzed more than 90 water samples from over 20 stream stations 
during July, August, and October 1940 and February 1941. Areas 
erech showed evidence of pollution in the analitical TeHite are as 
Oilows: 

(a) Town Branch below Harrodsburg: Three samples in August. 
1940, showed complete oxygen depletion, an average biochemic. 
Oxygen demand of 19.9 parts per million, and 45,000 coliform bacteria. 
Per milliliter. Discharge averaged 1 cubic foot per second. 

(b) Salt River above Lawrenceburg: Three samples in August 
1940, showed an average dissolved oxygen content of 4.3 parts per 
Million with a flow of 2 cubic feet per second. 

(ce) Hammonds Creek below Lawrenceburg: Three samples in 

ugust 1940, showed a 2.6 parts per million dissolved oxygen average 
and an average coliform bacteria count of 365 per milliliter. 

(d) Clear Creek below Shelbyville: Three samples at a single 
Station showed an average dissolved oxygen content of 3.7 parts per 
Thillion in August 1940. Biochemical oxygen demand averaged 10.4 
Parts per million. 

_(e) Road Run below Springfield: Three samples in August 1940 
Showed complete oxygen depletion. 

(f) Hardings Creek below Lebanon: An average dissolved oxygen 
“ontent of 2.6 parts per million was observed in three samples col- 
€cted during August 1940. Biochemical oxygen demand averaged 

0 parts per million, coliform bacteria content 10,900 per milliliter. 

(g) Salt River 6 miles above mouth: Two samples in October 
1940 had an average dissolved oxygen content of 4.0 parts per 
Million 

426. In August 1940, while flows were low, partial oxygen depletion 
Was also noted in Mill Creek below Fort Knox and at the mouth of 
the Salt River. With the exception of localized areas below pollution 
Sources, dissolved oxygen values were, in general, above 6.5 parts per. 
Tuillion, and biochemical oxygen demand was low; pH values were 
®*bserved to be uniformly above 7.0. 

427. Average analytical results for 13 sampling dates during the 
Period August 1940 to February 1941 indicated the Salt River at 
-* Mouth to be similar in quality to the Ohio River above their 
Junction, Although average coliform bacteria counts were about 
ot! at the stations, results for the main stream were higher than 

Se for the tributary on ten of the sampling days. 

‘ 428, Plates 38, 39, and 40 include data on sources of pollution, and 
Basie form bacteria and dissolved oxygen results for the Salt River 


bere’ Methods of pollution control.—Distillery wastes present the 
St serious remaining pollution problem in the Salt River Basin. 
Ough all distilleries have taken some corrective measures, further 
tech Appear to be justified. Other pollution problems present no 
So difficultiés. 3 : 
the Ae The cost of a suggested pollution-control program is shown in 
dit; ollowing table. The program will eliminate local nuisance con- 
Purpos a improve surface waters for recreational and water-supply 


90035—43—pt. 19 


— 7 


\ 
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Suggested program of pollution control-for the Salt River Basin—Economic aspects 


Suggested pollution-control P 
measures Population Estimated cost 


Annual 


Num-| Now 1940 


Type ber | sewered | census 


Design | Capital Opera- | Amorti- 
tion and | zation Total 
mainte- and 


nance | interest 


Municipal treatment: 


pecondary._222.22...2 a 3, 200 6, 000 7,200 | $140, 000 $7,000 | $10,000 $17, 000 
Improvements_.......- 1 1, 700 47700 $) oiiess. 28 60, 000 3, 000 4, 000 7, 000 } 
Subtotals. 8 4, 900 10;:700.4 Yess 22 200, 000 10, 000 14, 000 24,000 
PaContirs teak nee ce ed cles Gi be el Ee tact art 10, 000 (1) 1, 000 1, 000 
Industrial treatment_____-- OP atten tee oetine Gaal eders Sac 250, 000 4, 000 41, 000 45, 000 — 
Subtotals cst. Vas cio eal ee ee Ee ee 460, 000 14,000 | 56, 000 70, 000 
Emergency allowance, 20 
Veni hf) ae RN cas <a Sea © [Eley Stes, Papas eae an or ge OR BER gg TERY be seer OBA | Pima SORE Nereme aM 
i | | | | | | 
POp ths Sac s. Ch al) sie ieee alias Saas G50, 000-2: tettolig hoes [ado 
1 Negligible. 


? Includes such items as minor corrections, process changes, sewer construction, treatment plants, ete. 
4 Estimated additional cost of program if provided during present emergency period. 


APPENDIX P 


GREEN RIVER BASIN 
SUMMARY 


431. General description.—The Green River Basin comprises 9,220 
square miles, situated almost entirely within west central Kentucky: 
A 380-square-mile portion of the tributary Barren River Basin 18 
situated in Tennessee. Other important tributaries include the 
Pond, Mud, Nolin, and Rough Rivers and Russell Creek. The maid 
stream joins the Ohio River 784.2 river-miles below Pittsburgh, Pa. 
The basin’s surface is uneven, with occasional hills from 300 to 400 
fect high and river channels cut from 100 to 200 feet below the 
uplands. A general map of the basin is shown on plate 41. if 

432. Agriculture is the principal occupation in the Green Rivet 
Basin, although much of the area is too hilly for cultivation, Coa 
is mined in the western portion of the valley. Natural resources, # 
addition to coal, include water power, oil, gas, rock asphalt, timbe! 
and commercial stones. The river is navigable for almost 200 miles 
above its mouth. ; 208 

433. The urban populaton of the valley has almost doubled sinc® 
1910 and now approximates 44,400. Rural population has not vai ied 
appreciably during the same period. The present total populatio? 
of the basin is about 444,400 of which about 90 percent is rura 


“Bowling Green, Ky., with a population of 14,585, 1s the only com” 


munity of over 10,000 persons. a 
. 434. Water uses—There are 39 public water supplies in the bas 

of which 21, aggregating about 3.17 million gallons per day, a? 

serving about 50,300 persons, or over 70 percent of the populatio? | 
which uses public supplies, are from surface sources. Nine of the 
latter are located below community sewer outfalls; however, nom 
of these supplies is seriously polluted. Chlorination is practice” 


OHIO RIVER POLLUTION CONTROL 123 


On all surface supplies except at Brownsville, Ky., where a 0.02 


Million gallons per day supply receives no treatment. Eighteen of 


a roe supplies are settled, and of these 17 are coagulated and 16 
ered. 

435. The Green River and most of its tributaries are considered 
$0od fishing streams and are extensively used for recreation by local 
residents. Water supply for industrial purposes presents no major 
Problem. 

436. Low-flow characteristics at two selected stream stations in the 
basin are as follows: 


STS EE TITRE 2 BE TE I wh Shen Be en ae Le De RRS Sb + NAG Green Rough 
River River 
Meiabton bs pbc rors} ci Db teereua capers Lacakeite ede OLS cht peg ad Us: 
more, Ky. ‘ 
Period Bona laeeean ts. TEE ALG LD SSS FO ees - iar itts. Bo. 1936-40 | 1930-40 ° 
Famace ares (square wiles). i ofl 5 od eee et pee thts Ee se ote 7,580 764 
June to September discharge (cubic feet per second): 
fipinraity single miontiy) 520002 eh ie Ae as deh eee 482 27 
inim tim .4-month, 9 yorage 4 oon dda eee eg eee sere sep: wasd dp -dopc eeu ssdeaes 718 40 
1 eg ae a ag ee pce” OE ea ile Seas Ties a been argnriap ebani DE Aan ia) bc he 3, 930 296 


437. Sources of pollution About 45,000 persons, or 10 percent of 
the population of the basin, are served by sewers. Industrial wastes, 
after application of various corrective measures, contribute an addi- 
tional net population equivalent of 3,800 (based on biochemical 
°Xygen demand) of which 37 percent receives further treatment in 

Unicipal plants. Of the 6 establishments whose wastes do not re- 
“elve municipal treatment, 5 have taken at least minor steps toward 
Pollution control. Eight primary and 3 secondary municipal waste 
treatment plants, in which about $450,000 have been invested, serve 
22300 and 5,000 persons, respectively, and aid in reducing the com- 

Ned population equivalent of domestic and industrial wastes to 
®bout 33,800, as discharged. Summarized data follow: 


aste sources: 


TOtA widouiation (1940 COnBUS) 9 ai oan --nuccee-- ohh eee hoeeil 444, 392 

‘Wered population: —= 
Connected to municipal treatment__._.-...-.------ 34, 300 

Not connected to municipal treatment. _...---.---- 10, 700 ua ct 


Industrial wastes (population equivalent after application 
of independent corrective measures now in force but prior 
to other treatment): 
Connected to municipal treatment___-------..----- 1, 400 


ot connected to municipal treatment: 
1.5) Le} ame pes ep Aol ope Agictrgeng yak te GS Sg pes es 1, 800 


a. Potal (papulation equivalent).oY U2 oi 2 2 Peek 48, 800 
Wastes as sedate . “ 
4uman wastes (sewered) (population equivalent after all 
Present treatment): 
onnected to municipal treatment_---------------- 20, 100 
ot connected to municipal treatment - ~----.------ 10, 700 


—" 
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Wastes as discharged—Continued 
Industrial wastes (population equivalent after all present 
N treatment): 


Connected to municipal treatment____--__--------_-- 600 
Not connected to municipal treatment _----_---.---- 2, 400 
aaa O00 
Total waste residual (population equivalent)_...-_-_---------- 33, 800 


Nore.—Single industries of a specific classification are included within the miscellaneous classification. 


438. Mine sealing has reduced the acid load carried by the streams 

at the inception of the sealing program by about 20 percent. The 

resent acid load is about 61,385 tons of acid per year (calcium car- 
ieni equivalent). 

439. Extent of pollution—The Public Health Service collected and 
analyzed more than 140 water samples from over 45 stream stations in 
the basin during August to November 1940, and in February 1941. 
More than 90 percent of the samples were collected in August and 
October 1940. With the exception of 1 sampling date in February 
1941, flows were uniformly less than the mean summer discharge of 
record, and approached the minimum flow of record on tributary 
streams. On small tributaries, sewage comprised from 65 to 75 
percent of the total flow below sewer outfalls. 

440. Monthly average dissolved oxygen results of less tham five 
parts per million were observed in Valley Creek in and below Eliza- 
bethtown, Ky.; in the South Fork of Beaver Creek below Glasgow, 
Ky.; in Town Branch below Franklin, Ky.; in Mud River below 
Russellville, Ky.; in Muddy Creek below Beaver Dam, Ky.; in Flat 
Creek below Madisonville, Ky.; in Cypress Creek below Central 
City, Ky.; in the North Fork of Nolin River above Hodgensville, 
Ky., and in the Rough River above lock and dam No. 1. onthly 
averages are each based on analytical results for three samples. 

441. Monthly average biochemical oxygen demand results of five 
parts per million or more, based on three samples each, were observe 
in Buckhorn Creek below Campbellsville, Ky.; in Valley Creek in 
and below Elizabethtown, Ky.; in the South Fork of Beaver Creek 
below Glasgow, Ky.; in Bays Fork below Scottsville, Ky.; in Town 
Branch below Franklin, Ky.; in Mud River below Russellville, Ky.; 
in Muddy Creek below Beaver Dam, Ky.; in Flat Creek below Madi- 
sonville, Ky.; and in Cypress Creek below Central City, Ky. 

442. Coliform bacteria counts were in general agreement with 
dissolved oxygen and oxygen demand results as to the location o 
major sources of pollution, these being Campbellsville, Ky.; Eliza- 
bethtown, Ky.; Glasgow, Ky.; Scottsville, Ky.; Franklin, Ky.; 
moe Ky.; Beaver Dam, Ky.; Madisonville, Ky.; and Central 

ity, Ky. | 

443. Acid stream conditions, resulting from pollution by acid miné 
drainage, were observed on Drakes Creek in the tributary Pon 
River Basin. An average pH value of 3.3 was observed in. threé 
samples. At the time of the survey most mines were shut down, and 
those working were pumping mine water intermittently. During 
periods of higher stream flow and normal mine operations, aci 
conditions may be more general in the streams of the coal area draine@. 
by the Pond River. 


4 
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444. Laboratory results for seven sampling dates in the period 
August 1940 to February 1941 showed the dissolved oxygen content 
of the Green River at the mouth to be lower than that of the Ohio 

iver above their junction. The biochemical oxygen demand of the 
tributary was lower than that of the Ohio River in five cases, and 
equal to it in two, while the coliform bacteria content of the tributary 
was less than that of the main stream on all seven sampling days. 

445. Plates 41, 42, and 43 include data on sources of pollution, 
and on coliform bacteria and dissolved oxygen results for the Green 

iver Basin. 

446. Methods of pollution control—Laboratory data showed no con- 
Sequential effects of pollution in the Green River proper, the major 
Problems being local nuisance below towns on the smaller streams. 
Secondary waste treatment appears justified at Central City, Ky.; 
Franklin, Ky.; and at five smaller domestic pollution sources. Sup- 
Plemental treatment is indicated at seven communities which now 

ave treatment plants. At Bowling Green, Ky., and Hartford, Ky. 
and at communities along the Green River, primary treatment should 

© sufficient to maintain satisfactory stream conditions. Primary 

Treatment with continuous chlorination is indicated at Cave City, 
-\Y., Where all wastes enter the caverns beneath the town. Significant 
industrial pollutants can be treated at municipal plants and continua- 
40n of the mine sealing program would reduce the acidity of streams 
the western part of the basin. 
. 447. The cost of a suggested program of pollution control is shown 
™ the following table. The program would eliminate local nuisance 
“oOndition, preserve and improve the extensive recreational facilities 


the basin, and improve surface waters for use as public water 
Supplies, 


Suggested program of pollution control for the Green River Basin—Economic aspects 
Bree cea KOS ibid eis SRO JOR eE Sota yt tees os a ees 


Suggested 
pollution control ‘ : 
measures Population Estimated cost 
Annual 
Num-| Now 1940 ; te i 
Type ber | sewered| census | Desig2 | Capital | Opera- ; Amorti 


Pp 
tion and| zation 
mainte- and Total 


nance interest 
Mn WEE Ldn Wines PUPS coset Fee EI) 
mpeipal treatment: 
LLL aR i og Be ites 9| 3,200! 7,900} 11,200] $150,000} $7,000} $10,000] $17,000 
FP ee eee 71 7,700 | 15,400} 17,200} 290,000! 15,000} 20,000 35, 

Provements________ v9 em Oe i RCI Us fe eee 160, 000 10, 000 18, 000 

Subto Pee er ist ae saget 0ae on Per are tae 0 eae gag. Pa 
Tnteroe WAR 3 > 2 bb 23 | 29,600 | 48,300 |-...-.--- , 000 5 40, 000 70, 000 
an, | Sana od acd Pieamae Gibaiieens beset 180, 000 (1) 10, 000 10, 000 
oo, rN ROREE late asia scenceeers 310,000 | 33,000 | 13,000 46, 000 
Subto: oie efit [t's tice bets ea ices PRS aa 
ayaa Sake a BE De PRrepee se Pee 1,090,000 | 63,000 | 63,000 | +126, 000 


Percent > allowance, 20 


ial program 
Estim contemplates sealing of 23,140 ton-years of acid. ; 
ated additional eost of program if provided during present emergency period. 
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APPENDIX Q: 
WABASH RIVER BASIN 
SUMMARY 


448. General description.—About 73 percent of the Wabash River 
Basin lies within Indiana, 26 percent within Illinois, and the remainder 
within Ohio. Its drainage area is 33,100 square miles, and the stream 
joins the Ohio River 848.0 river miles below Pittsburgh, Pa. Prin- 
cipal tributaries includes the Little Wabash (Indiana), Upper Eel, 
Tippecanoe, Vermilion, Embarrass, Little Wabash (Illinois), White, 
Patoka, and Mississinewa Rivers, and Wild Cat and Sugar Creeks. 
Much of the Wabash River Basin is of the glacial plains region of 
the upper Mississippi Basin. Elevations range from about 300. to 
about 1,300 feet above mean sea level. A general map of the basin is 
shown on plate 44. 

449. Agriculture is the most important single occupation in the 
Wabash River Basin. Much of the agricultural products are proc- 
essed locally. Industrial development is diversified. Coal, oil, and 
limestone are among the mineral resources of the basin. The river 
is not commercially navigable. 

450. The present population of the watershed is about 2,508,600 
of which about 48 percent is urban. Indianapolis, Ind., has about 
386,970 inhabitants and is the largest city. Thirteen other com- 
munities have populations ranging between 15,000 and 65,000. 

451. Water uses.—In the basin there are 275 public water supplies 
of which 46, aggregating about 77.39 million gallons per day and 
serving about 752,600 persons, are from surface sources. Thirty of 
the surface supplies, serving about 687,500 persons, are below com- 
munity sewer outfalls. Coagulation, sedimentation, filtration, an 
chlorination are applied to all but one of the supplies subject t0 
ager Ground water is not sufficiently plentiful for use by the 
arger cities and, in addition, is generally hard and contains objec 
tionable amounts of iron. 

452. Natural and artificial lakes in the basin are extensively used 
for recreation, and local residents use many streams for fishing aD 
swimming. Industrial water supply is not a major problem. 

453. Low flow characteristics at 2 stream stations in the basin ar 
as follows: 


PRBOATT odie goa o) Me, LL lee nee oe atc bee Bo un awe se Wabash River| White Rivet 
PAOOR MON: ogee AG a ioswOlak kth sul bain -vaceea ry. ceosbesds oh Ye oe cual Mount Car- Hazelton, 
mel, Ill. Ind. 
cUREPROIMO OTOR: (SCTE TO TION) oe be OC os SR te ee dbe ethan 28, 600 11, 300 
PrRNEgtL COUSIIATOR 2 5522 8a Ae. occalws dis sac ub we oe epoeaen baa Lees iS oul. 1928-40 1924-38 
PEE SISSY OS Oe) SEE SMS 2 ee eee tS Seer Se oe eee OO OTe Es ees MAS Re 
June to September peree (cubic feet per second): 70 
MHA CIO MONE a oat eter boo de oan Beech bebascen loden 2, 330 i 
Ppa inimmam sm Oth Gyeragie:< cen. bio. seco) ho tooo ene ote be 3, 780 1, 359 
VOLONO.<cactaossicrecc cask dwis Hecke Sse et date a ee 12, 192 5 


454. Sources of pollution.—About 1,119,700 persons, or 45 percent 
of the population of the basin, are served; by sewers. Industria! 
wastes contribute an additional population equivalent of 1,772,0 

(based on biochemical oxygen demand) after application of varioU® 
corrective measures, of which 547,500, or 31’ percent, receives muni 
pal treatment. Of the 250 establishments whose wastes do pot 
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 Teceive municipal treatment, about half are canneries, which, together 
With 12 paper plants, account for about 80 percent of the industrial 
Waste load in this category. Atleast minor waste corrective measures 
ave been taken at 217 plants. Ten primary and 74 secondary. 
Ihunicipal waste treatment plants, in which about $16,650,000 have 
een invested, serve 39,100 and 782,900 persons, respectively, and 
help to reduce the combined population equivalent of domestic and 
Mdustrial wastes as discharged to streams to about 1,818,900. Sum- 
Marized data follow: 


Waste sources: 


Total population (1940 census)_._._.-.2-2JL LL lll l ieee 2, 508, 598 
Sewered population: 
Connected to municipal treatments___._..___-- 822, 000 
Not connected to municipal treatment_-______-- 297, 700 
: —————— 1, 119, 700 
Industrial wastes (population equivalent after appli- 
cation of independent corrective measures now in 
force but prior to other treatment): 
Connected to municipal treatment__---..__.-_-- 547, 500 
Not connected to municipal treatment: 
Drewan@esy oid wad aieaerhiil- Ke 42, 000 
[SEE ih FCs PON geen Bhd f DR RMRRONCE ys 530, 000 
TB no te eG Ge ee ae 121, 000 
TRG iano tis See ee 36, 100 
Mik sla se. wungosore 11, 900 
Oalirefining J osoc. aepece 1) oiged 17, 000 
PADRE... bight. on teers ole eae 444, 300 
OX CHO ua Sore rk sale SEU eras 8, 200 
Miavehanesuss o4 os vanes Wee von ke 14, 000 
————— 1, 224, 500 
——————— 1, 772, 000 
Total (population equivalent)_-...-.--.----------- 2, 891, 700 
Wastes as discharged: 
uman wastes (sewered) (population equivalent after 
all present treatment): 
onnected to municipal treatment___-.__--__-- 164, 100 
Not connected to municipal treatment __---_-.-- 297, 700 pe $00 
? 
Industrial wastes (population equivalent after all 
present treatment): 
Connected to municipal treatment___--__---_-- 132, 600 
ot connected to municipal treatment _-_-_-__---- 1, 224, 500 
‘ ——————_ 1, 357, 100° 
Total waste residual (population equivalent) __...-..---- 1, 818, 900 


Nore.—single industries of a specific classification are included within the miscellaneous classification. 


ee In general, wastes from oil fields are not at present a major 
tion problem. Production in older fields having relatively high 
by ®-oil ratios is small, and brine production in new fields drained 
in ong Little Wabash River is at present not large. New activity 
ld fields in Indiana has seriously affected the Patoka River; and 
th Ceton, Ind., is being forced to abandon its water supply from 
a Stream. Steps are being taken to prevent the development of 

| eed problem in the new fields. 
‘dap. Pollution from acid mine drainage has caused the greatest 
Tedi ee 12 the area drained by the Patoka River. Mine sealing has 
. load @¢ € original acid load by about 43 percent, and the present 
(Calgj1, 2 basin amounts to about 62,790 tons of acid per year 

um carbonate equivalent). 


‘ 
oe oe ST ee Sa eT ae 
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457. Extent of pollution —The Public Health Service collected and 
analyzed over 1,000 water samples from more than 275 stream stations 
in the basin during the period from July to November 1940, Two 
samples were collected in February 1941. Discharge conditions 
during the sampling period were among the lowest of record. Reaches 
showing the greatest extent of pollution are the following: 

(a) Wabash River below Terre Haute: Average results for 5 
samples, collected from each of 5 stations in a 30-mile reach below 
Terre Haute, during September and October, 1940, showed dissolved 
oxygen from 2.6 to 4.6 parts per million, biochemical oxygen demand 
from 3.4 to 12.1 parts per million, and coliform bacteria counts from 
349 to 34,000 per milliliter. Discharge on sampling dates approxi- 
mated the minimum SiR tE SEM AR her average of record. Four 
samples collected at each of the same stations during November 
1940 under similar discharge conditions, but with temperatures 
averaging about 10° C. lower, showed much less severe oxygen 
depletion, average results ranging from 8.8 to 10.6 parts per million. 

(b) West Fork of White iver below Indianapolis: Average 
results for 5 samples, collected at each of 3 stations during September 
1940 in an 18-mile reach below Indianapolis, showed dissolved oxygen 
ranging from 2.9 to 3.9 parts per million, biochemical oxygen demand 
of from 4.4 to 9.1 parts per million, and coliform bacteria counts from 
34 to 23,200 per milliliter. Corresponding samples, from a statioD 
20 miles below the downstream traverse point, showed an average 
of 9.9 parts per million of dissolved oxygen. Discharge was extremely 
low on sampling dates. 

458. Many small streams are grossly polluted, and poor sanitary 
conditions were observed on the upper Wabash River from Fort 
Recovery, Ohio, to below Bluffton, Ind. More or less localized pollu- 
tion problems were observed at Hartford City, Ind.; Portland, Ind.; 
Gas City, Ind.; Columbia cae Ind.; Warsaw, Ind.; Kokomo, Ind.; 
Frankfort, Ind.; Rantoul, IL; 

Mattoon, Ill.; Flora, Dl.; Albion, TIll.; Muncie, Ind.; Elwood, Ind.; 
and. Franklin, Ind. 

459. Laboratory results for 8 sampling dates during the period 
September 1940 to February 1941 showed the dissolved oxygen con- 
tent of the Wabash River at the mouth to be higher than that of the 
Ohio River above their junction on about half of the sampling days: 
The biochemical oxygen demand and coliform bacteria content of thé 
tributary were respectively higher and lower than those of the Obi? 
River on a majority of the sampling days. 

460. Plates 44, 45, and 46 include data on sources of pollution, and 
on coliform bacteria and dissolved oxygen results for the Wabas 
River Basin. 

461. Methods of pollution control.—In spite of substantial progres* 
toward the abatement of industrial pollution, industrial wastes ® 
present cause the most serious pollution problems in the Wabas 
_ River Basin. However, a large part of the industrial waste load ca? 
be most easily and satisfactorily handled in municipal treatment 
plants. The cost of a suggested pollution control problem is shown 
the following table. The probable accomplishments of such a progra!™ 


would be varied because of the extent and wide application of ny 


streams of the Wabash River Basin. In general, the program wot 
eliminate local nuisance, improve streams for public-water supplie® 


West Baden, Ind.; Danville, TDl.; — 


| 
| 
| 
| 
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establish new, more satisfactory sources of public-water supply, and 
Improve aquatic recreational facilities. 


Suggested program of pollution control for the Wabash River Basin—Economic aspects 


SR ae armen aoe APs SES BR eS SOE Se ie TSE ie et Ok a a ee ee SM ee tt 


peszested palkatian control Population Feliipathls cost 


Design | Capital Ph spenet peices 
ion an zation 
mainte- and Total 
nance | interest 


Type ber | sewered| census 


COURIER as SLURS a Fore Sates Seep SOR Ne taeda kD 
Municipal treatment: 

(Ae PAS ope 142,800} 212,900] 314, 000} $2, 130,000} $100,000! $150, 000 
Secondary_.---.------- 132} 149,800] 257,100} 318,000) 5, 310, : 375, 000} 610, 000 . 
Improvements__.._.-_- 24! 495, 200]' 544, 500}____._.__ 1, 430, 000 40,000} 100,000} 140, 000 

In Subtotal_..........-- 186} 787, 800|1, 014, 500|_..._.--- 8,870,000} 375,000} 625, 000} 1, 000, 000 
Ing Teeptors Pate ak EL Hay lel ep neieledg (iae b 274 pees aes 3,960,000} (1) | 185,000] 185, 000 
Maustrial treatment_______ MIKAEL Foes Taree Teed 1, 690,000} 250,000} 220,000} — 470, 000 
mieigealing = ey ee Os 6 ee hie Se sipe si aig 80, 000 9, 000 3,000} 12,000 
ELE SS Ese na Gee a Rios Sa a ek | RR 14, 600, 000} — 634, 000} 1, 033, 000} 1, 667, 000 
€rgency allowance, 20 
Demet a i<t. Sire Ran cet Writ Prine Lie Mi Ia s 2 OAD RGORSLS 2 TUNA TZ SF ees 
otal. 2 i Ve RBG PSL yc CLE MEI oI V3. 520) 000th ek a 
A a ES EN Ce eT ee Se On Fe en ere Sie tleréa ie Sa er lei pa ele 
} Negligible. 


3 Includes such items as minor corrections, process changes, sewer construction, treatment plants, ete. 
4 witial program contemplates sealing of 30,403 ton-years of acid. : ' 
Estimated additional cost of program if provided during present emergency period. 


AppENDIX R 
CUMBERLAND RIVER BASIN 


SUMMARY 


462. General description.—The basin of the Cumberland River com- 
hoes 18,000 square miles located within Kentucky and Tennessee. 
1 Pography varies from rugged mountains in the east to rolling low 
Plateau areas in the west. Elevations range from about 300 to about 
150 feet above mean sea level. The stream joins the Ohio River 
-4 river miles below Pittsburgh, Pa., and principal tributaries are 
Hwel, Rockeastle, Big South Fork, Obey, Caney Fork, Stone, 
shaecth, Red, and Little Rivers. A general map of the basin is 
Gee on plate 41. By, i 
Pu 63. Agriculture, mining, and manufacturing are principal economic 
Tsuits. Manufactured products include cement, brick, lumber, 
Yon, textiles, chemicals, stoves, shoes, steel fabrications, furniture, 
ai i, esses, snuff, flour, feed, beverages, food preparations, leather, and 
of | ston Coal is the most important mineral product, and deposits 
hog ntes petroleum, limestone, shale, sandstone, sand, gravel, 
sj Phate rock, and iron ore have been or are being worked in the 
down: Waterpower possibilities are excellent. The main stream and 
gab] Stream reaches of principal tributaries are commercially navi- 
Tega, . Construction of the Wolf Creek, Center Hill, and Dale Hollow 
ahha dams to provide flood control and hydroelectric power has 
Mitiated by the Corps of Engineers. 
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464. Nashville, Tenn., the population and industrial center of the 
basin, now has about 167,400 inhabitants; other large communities - 
and their populations (1940 census) are as follows: 

Clarksyille, Tenn... - 2. 11, 50.) op kiernie. Foy oe 11, 724 
SMIOLESUOLO, IS V3 Sl TVG | Murfreesboro, Tenn__._-_-- 9, 495 
The total population of the basin has increased about 31 percent since 
1910, to approximately 1,129,000 of which about 25 percent is urban. 

465. Water uses——There are 92 public water supplies in the basin 
of which 30, aggregating about 27.68 million gallons per day and serv- 
ing 290,800 persons, or about 80 percent of the population which uses 

ublic supplies, are from surface sources. Sixteen of the latter are 
ocated below community sewer outfalls. However, surface supplies 
are not seriously affected by pollution. Over 90 percent of the total 
volume of surface public water supply is coagulated, settled, filtered, 
and chlorinated. The remaining supplies, all small, receive lesser 
treatment. Softening is not practiced on surface waters. Groun 
water supplies are limited and of rather poor chemical quality, and, as @ 
consequence, many of them have been abandoned in favor of surfacé 
sources. 

466. Extensive use is made of the streams for recreational purposes, 
including fishing, bathing, and boating. Industrial water supply 
is not a major problem. 

467. Low flow characteristics at three selected stream stations in the 
basin are as follows: 


[Ne ee eee es i ces a fal Cumberland | Caney Fork | South Fork 
ver 
Erni 18 Seo 2 eee ae ape SE oe SE fe Oe ee EE BT Clarksville, Silver Point, Nevelsville, 
Tenn. Tenn. Ky. 
Drainage area (square miles) _........-.-.--------------- 15,780 2,130 1,275 
TIO CONRIGUNO G2 ons oad i eit se wieght sense 1922-40 1923-40 1915-39 
PER EES SEY ESE OS Ee ee eee SEs BS Se EE ee ee, 8 ee ee ee es eae 
June to September discharge (cubic feet per second): 
Minimum single month... 2222-20. SO 1, 099 289 8 
Minimum 4-month average.........-..----.-.------ 2, 650 439 55 
ivpreRe 25h. Scnielayahcesis do abel) -3a-cenceas[— 10, 183 1, 608 936 


468. Sources of pollution—About 80 percent of the total pollutio® 
load of the basin enters the Cumberland River in the 40-mile reac 
from Old Hickory, Tenn., to and below Nashville, Tenn. A total 0 
237,300 persons, or 21 percent of the population of the basin, is serv 
by sewers. Industrial wastes, after application of various correctiV® 
measures now in force, contribute an additional population equivale? 
of 258,500 (based on biochemical oxygen demand) of which 7 perce® 
receives further treatment in municipal plants. Of the 68 establish 
ments whose wastes do not receive municipal treatment, 23 hav? 
taken at least minor corrective measures. 

469. Seven primary and 10 secondary municipal waste treatmeD! 
plants, in which about $1,660,000 have been invested, serve 9,300 and 
55,000 persons, respectively, and aid in reducing the combined popul®” 


rid 


tn > } 


\ 
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tion equivalent of domestic and industrial wastes to about 430,700, 
as discharged. Summarized data follow: 


Waste sources: 
Total: population (1940 census). Lou. slL te fe 8 LL eke 1, 129, 002 


Sewered population: 
Connected to municipal treatment_____...._.-_-- 64, 300 
Not connected to municipal treatment_......._-- 173, 000 
—————— 287, 300 
Industrial wastes (population equivalent after applica- 
tion of independent corrective measures now in force 
but prior to other treatment): 
Connected to municipal treatment___.....__..-- _ 17, 900 
Not connected to municipal treatment: 
Gantingian* suisih bio wolsdss 2, 100 
oT eRe a SS OE rd FTES He nae 9 72, 000 


Oil refining. Yi) UL T26C 0 2FGe 1, 200 
Textiles iis f. sveded- Rein bows: acy 9, 000 
Mirpcellaneouss.iG 2) entke dd os 109, 200 

———- 240,600 
—————_ 258, 500 


Total (population equivalent) _2_...2.-.222L.2----L--- 495, 800 


Wastes as discharged: ) 
uman wastes (sewered) (population equivalent after 
all present treatment): 
Connected to municipal treatment_....2.-.-2----- 14, 100 
Not connected to municipal treatment__.-..----- 173, 000 


_ Industrial wastes (population equivalent after all 
present treatment) : 
Connected to municipal treatment__._-.......-.-- 3, 000 
Not connected to municipal treatment_._---..--- 240, 600 
243, 600 


Total waste residual (population equivalent) ........._-__- 430, 700 
Norz.—gingie industries of a specific classification are included within the miscellaneous classification. 


the 0- Mine sealing has reduced the original acid load carried by 
© streams of the basin by about 26 percent, to a present load of 


Pproximately 195,910 tons per year (calcium carbonate equivalent). | | 


Malt Extent of pollution—During the period from August 1940 to 
hock 1941 the Public Health Service collected and analyzed more 
’n 310 water samples from over 95 stream stations in the basin. 


Dat 


H & for the Nashville area were developed by the Tennessee State 
®alth Department in 1938 and 1939. Seventy-nine percent of the | 


the gens by the United States Public Health Service was done during 
a 


of 1940. Discharges on sampling days during this period | 


ine Considerably lower than the mean summer flows of record, except 
inf eer Kentucky, where local rains increased discharges and hence 
Yenced analytical results. 


ee ee eh i ee FO 
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472. Minimum dissolved oxygen results at 5 stations in a 30-mile 
reach below Nashville, Tenn., varied from 0.1 to 4.1 parts per million 
during the summers of 1938 and 1939. Maximum biochemical oxygen 
demand varied from 1.5 to 6.0 parts per million, and maximum 
coliform bacteria counts ranged from 200 to 8,000 per milliliter. 

473. Exclusive of the Nashville area, monthly dissolved oxygen 
results of 5 parts per million or less were observed below Jellico and 
Oneida, Tenn., and below Middlesboro, London, Corbin, Mount 
Vernon, Hopkinsville, and Princeton, Ky., all on smaller tributaries. 
Complete oxygen depletion, denoting septic conditions, was observed 
below London and Oneida. Three samples are represented in each 
average. Dissolved oxygen results show the main river to be in good 
sanitary condition except below Old Hickory and Nashville, Tenn. 

474. Exclusive of the Nashville area, monthly average biochemical 
oxygen demand results of 5 parts per million or more, based on from 
two to four samples each, were observed below each of the towns listed 
in the preceding paragraph and also below Lynch, Somerset, and 
Guthrie, Ky., and Cooksville, Lebanon, Gallatin, Woodbury, Dickson, 
and Springfield, Tenn., all on smaller tributaries. 

475. Average coliform bacteria counts were in general agreement 
with dissolved oxygen and oxygen demand results in indicating the 
major sources of pollution. The most unfavorable results were 
observed below Nashville, Oneida, and Dickson, Tenn., and Middles- 
boro, London, Corbin, Mount Vernon, and Princeton, Ky. 

476. Coal-washing operations produce visual pollution in Fugitt 
Creek, Clover Fork, Clear Fork, and Hickory Creek, but acid stream 
conditions were not observed. 

477. Laboratory results for eight sampling dates during the period 
September 1940 to March 1941 showed the dissolved oxygen content 
and the biochemical oxygen demand of the Cumberland River at thé 
mouth to be lower than that of the Ohio River above their junctio® 
on all sampling days, while the coliform bacteria content of the tribu- 
tary was equal to or less than that of the Ohio River on 75 percent 
of the sampling days. 

478. Plates 41, 42, and 43 include data on sources of pollutiom 
and on coliform bacteria and dissolved oxygen results for the Cumbe!” 
land River Basin. 


479. Methods of pollution control.—The only pollution problem of 


serious consequence found in the Cumberland River Basin is in tb 
Nashville area. Minor pollution of local significance occurs at,® 
number of smaller communities on tributary streams. Wolf Cree. 
Dale Hollow, and Center Hill Reservoirs, now under constructio™ 
will furnish minimum summer flows in quantities such that primary 
treatment of sewage and equivalent treatment of industrial wastes # 
Old Hickory and Nashville, Tenn., will be adequate to maintal? 
satisfactory stream conditions. Secondary treatment seems justified 
at Corbin and Lynch, Ky., and at 16 other small pollution sources ? 
tributary streams in Kentucky and Tennessee, where near-zero sul” 
mer flows occur. Supplemental treatment is suggested at Princeto™ 
Monticello, and London, Ky. In addition to the Nashville are™ 
peoey treatment is indicated at five communities at the head of t 7 

asin in Kentucky, at Clarksville, Tenn., and at five smaller co™ 
munities in Tennessee, in the middle reaches of the basin. 

480. The cost of a suggested program of pollution control is show? 
in the following table. The program would eliminate local nuisa®? 
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Conditions, improve streams for use as public water supplies, and 
Preserve and enhance the value of extensive recreational facilities in 

e basin. Poor Fork, at the head of the basin, offers a favorable site 
for development of low flow control storage. Flow augmentation if 
Provided at this site would be available at five downstream com- 
munities where the need for secondary sewage treatment is now indi- 
fated, and would assure satisfactory stream conditions at these local- 
ities after provision of primary treatment alone. 


Suggested program of pollution control for the Cumberland River Basin—Economic 


aspects 
a ee ee be ee ee 
Suggested pollution control | ; : 
measures | Population Estimated cost 
> ee ht a Pte Bee Paley Ld = 

Annual 

Num-| Now 1940 |. é “ E 

* Type ber: | sawered |. @&nsus Design | Capital | Opera- | Amorti 


tion and | zation 
mainte- | and Total 
nance interest 


Se eee eae S FESS SS See a SES SET EEE PS S| Pees SE =e 
Municipal treatment: 
imary.-....__.....-. 13 | 134,700 | 202, 000 | 283, 500 |$1, 280,000 | $81,000 | $90,000 | $171, 000 
mdary.._-_..___- 18 | 37,300 | 58,000 | 62,100} '970,000| 50,000! 70,000] 120,000 
Improvements. _.-..__- 3|. 6,500} 9,400]... __- 80, 000 4, 000 5, 000 ; 
Inter Ubtotal..... 2... 34 | 178, 500 | 269,400 |_.._..__- 2, 330,000 | 135,000 | 165,000 | — 300, 000 
 NaaplRa BATT  RRESTC ARaS SS LSE it Spe Ba Lao 4,540,000} (1) 215,000 | 215, 000 
Mj, tial treatment__.---- al ESSERE MRE SSG eZee bs 270,000 | 15,000} 35, 000 50, 000 
Sina eee ee is Lgcie -apaleccpes,- gabe ice 780,000 | 84,000} 33,000] 117,000 
B@ebtien do) tO Panis: oH eed 7,920,000 | 234,000 | 448,000 | 682, 000 
“mergeney allowance, 20 pec 
POUNE A asd At ath UO ROR i tele 1) 808-0do p+ EOS 9) Gomer OE AL 
j,k Resepenpaabgan Egat Biers BASSE s4 AU Bi, 0 col a a aa 
1 
2 NeBlizible, 
3 Tas such items as minor corrections, process changes, sewer construction, treatment plants, etc. 


4 Est lal program contemplates sealing of 93,070 ton-years of acid. 
imated additional cost of program if provided during present emergency period. 


Aprenpix §S 
TENNESSEE RIVER BASIN 
SUMMARY 


mast: General description.—The Holston and French Broad Rivers 
‘8 east of Knoxville, Tenn., to form the Tennessee River. This 
of System drains most of the State of Tennessee and small portions 
ene Sinia, North Carolina, Georgia, Alabama, Mississippi, and 
St Ntucky, The area of the basin is about 40,600 square miles and the 
Tho jos the Ohio River 934.5 river miles below Pittsburgh, Pa. 
Sets Upstream area, above Chattanooga, Tenn., is rugged and moun- 
"es m character and, with the exception of the main valley, 
‘pls g wooded. In the lower valley, streams meander through 
Neh 3 flood plains and agricultural lands predominate. The basin is — 
sph lk natural resources, the more important of which are coal; 
; Clay; sand; gravel; limestone; phosphate rock; ores of iron, 
basin copper; and abundant water power. A general map of the 
4g9 *,Shown on plate 47. f : F 
Seneral] he basin is primarily rural in character and agriculture is 
Y practiced; however, practically every type of industry is 
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represented. Projects of the Tennessee Valley Authority provide 
flood control, hydroelectric power, navigation, and recreational facil- 
ities of importance. The total population of the basin has increased 
about 39 percent since 1910 and now approximates 2,491,300 of which 
about 25 percent is urban. Urban population has increased much 
more rapidly than has rural population during the period. The larger 
cities and their populations (1940 census), are as follows: 

Chattanooga, Tenn___---_-- 128, 163 | Asheville, N. C__--..-______- 51, 310 
Tenesyil, Lento... 2. -— 111, 580 | Johnson City, Tenn__________ 25, 332 
Twenty-three other communities in the Tennessee River Valley have 
more than 5,000 inhabitants. 

483. Water uses.—There are 244 public water supplies in the basid 
of which 76, serving about 608,500 persons and aggregating about 
59.97 million gallons per day, are from surface sources; the lattef 
include all major supplies. One hundred and eighty-eight supplies 
are chlorinated, including both surface and other supplies, and 68 of 
these receive additional treatment. Faulted geological formations 
which permit polluted surface waters to pass more or less directly t0 
underground sources account for the high percentage of chlorinatioD 
practiced. Highty-two percent of the surface water used for publi¢ 
supplies is coagulated, settled, filtered, and chlorinated. There ar@ 
23 communities whose water supply intakes are located below com-— 
munity sewer outfalls. In general, however, water supplies are not 
seriously affected by pollution except at Knoxville, Tenn. 

484, Industrial water usage is not now a major problem; howeve!s 
it is anticipated that continuing development of the basin by thé 
Tennessee Valley Authority will be accompanied by an increase 
industrial development, which probably will result in an increase 2 
industrial water demand. : 

485. Low flow characteristics at three selected stream stations # 
the basin follow: 

i Tl a a se i eh er her 9 ts 


alias cit) Daley eee et a ee ee ee nee Tennessee Little Tennes- | South Fork, 


; iver see River Holston Rive 
[RE 5 OV ee Me 2 Selig Sen 2 aU at pepe Py oR ER ee ONE Florence, Ala. |McGhee, Tenn.}| Kingsports 
enn. 
Drainage area (square miles).....-.-.-------.----------- 30, 810 2, 443 4 3 
IPaMiod Consideredsssc sa: sl osu CUI ee hs 1894-1939 1905-40 1925-40 


t ; oe 


486. Sources of pollution.—About 591,300 persons, or 24 percent of 
the population of the basin, are served by sewers. Industrial wast 
after application of various corrective measures now in force, ¢® 
tribute an additional net population equivalent of 1,306,000 (based & 
biochemical oxygen demand) of which 5,400, or less than 1 perce? 
receives further treatment in municipal plants. The pulp, paper, and 
cellulose industries discharge over half of the organic pollution joad: 
Of the 227 industrial establishments whose wastes do not recel¥ 
municipal treatment, 41 have taken at least minor corrective meas of 


toward pollution ‘control. Twenty-six primary and 18 secondaly 
municipal waste-treatment plants, in which about $2,750,000 have pee 
invested, serve 41,800 and 56,600 persons, respectively, and aid ™ 
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reducing the net population. equivalent of domestic and industrial — 


wastes to about 1,832,600, as discharged. Summarized data follow: 
Waste sources: 


Total population (1940 census) o.:--- 42224-22422 eee 2, 491, 298 
Sewered population: 
Connected to municipal treatment____._____-- 98, 400 
Not connected to municipal treatment. ..____ 492, 900 
. 591, 300 
Industrial wastes (population equivalent after appli- 
cation of independent corrective measures now in 
force but prior to other treatment) : 
Connected to municipal treatment__-__=.._-- 5, 400 
Not connected to municipal treatment: 
Cenming sh Soo OC oe ie eee 38, 400 
Chemital itis iti ou. Ge wees 353, 200 
eatuuiitat Ti ee ee eh 40, 200 ' 
Milk it da daile-broice -eKs 9, 500 
Eulp and Papel -. 2 ee 584, 400 
Dannie — 3.3 ijn caedgisewaes 79, 900 
"Pextie' 5: fos bo I ROA 138, 700 
Miscellaneous-~- =. ......---.-- 56, 300 
———_ 1, 300, 600 
——————_. 1, 306, 000 
Total (population equivalent)_.........---------- 1, 897, 300 
Wastes as discharged: 
uman wastes (sewered) (population equivalent 
after all treatment): 
Connected to municipal treatment_________-- 36, 700 
Not connected to municipal treatment. --__-__- 492, 900 Stud 
’ 
Industrial wastes (population equivalent after all 
treatment): 
Connected to municipal treatment___._._---- 2, 400 
Not connected to municipal treatment_.._._- 1, 300, 600 
——————_ 1, 303, 000 
Total waste residual (population equivalent)_.__..._-_-- 1, 832, 600 


Nore.—single industries of a specific classification are included within the miscellaneous classification. 


tone! Pollution from acid mine drainage amounts to about 21,970 
teas Per year (calcium carbonate equivalent). Mine sealing has 

quced the original acid load by about 42 percent. 
to fee Extent of pollution.—During the period from September 1940 
th arch 1941 the Public Health Service collected and analyzed more 
Nie 290 water samples from over 100 stream stations in the basin. 
Peyote Seven percent of the samples .were collected in January, 
ety, and March, 1941. Use was made of data collected by the 
inessee Valley Authority on the Tennessee River and its tributaries 
ng the period from 1936 to 1939. Discharges on Public Health 
seal ice sampling days, during the summer and fall months of 1940, 
ib “sponded approximately with the mean summer flows of record on 
Utary Streams, while those of the main stream for the February 
flows Sampling period were considerably lower than mean summer 
Cated if ong stream reaches showing extreme pollution, as_indi- 
Author. United States Public Health Service and Tennessee Valley 

= tity laboratory results, are the following: 13 

Cipal y, geon River below Canton, N..C.:. This stream is the prin- 
Of 309 oe carrying tributary. of the basin, receiving a pollution load 
900 net population equivalent, of which 298,000 or 96 percent, 
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is from industrial establishments. Three samples at each of 2 sta- 
tions in a 6 mile reach below Canton, N. C., showed average dissolved 
oxygen contents of 0.9 and zero parts per million, respectively, and 
coliform bacteria counts of 1,040 and 1,260 per milliliter. Average 
biochemical oxygen demands were 238 and 208 parts per million. 
Samples were collected in February and March 1941. Average dis- 
charge was 128 cubic feet per second, which is lower than mean summer 
flow in this reach. 

(b) Holston River below Kingsport, Tenn.: Samples collected by 
the Tennessee Valley Authority at one station on the South Fork of 
_ the Holston River, during the period from May to October, 1941, 
showed average dissolved oxygen results of 6.1 parts per million, an 
average coliform bacteria count of 475 per milliliter, and an average 
biochemical oxygen demand of 5.9 parts per million. Average dis- 
charge was 2,510 cubic feet per second, slightly higher than meat 
summer flow. 

(c) Tennessee River below Knoxville, Tenn.: Records show dis- 
solved oxygen results falling to 4.0 parts per million, and coliform 
bacteria counts averaging 650 per milliliter during summer months. 
Water supply for the city of Knoxville, Tenn., has frequently been 
endangered and at times damaged by industrial wastes from plants 
on the Holston and French Broad Rivers. 

(d) Tennessee River below Chattanooga, Tenn.: Laboratory find- 
ings show dissolved oxygen results falling to 5.5 parts per million at 
moderate flow, with the probability of lower values at times of low 
flow. Below the city, coliform bacteria counts were found to be iD 
excess of 200 per milliliter during half of the months of the sampling 
period. Three samples taken in February 1941 from Chattanoog® 
Creek, which receives wastes at Rossvule, Ga., and from the souther® 
part of Chattanooga, showed an average dissolved oxygen content 0 
1.1 parts per million, an average coliform bacteria count of 2,410 per 
agree and an average biochemical oxygen demand of 92.8 parts per 
million. 

489. In general, pollution problems resulting from sewage are pri 
marily local. Only at Chattanooga, Tenn., and Knoxville, Tenn., and 
in the vicinity of Asheville, N. C., does human sewage contribut® 
materially to pollution problems of other than local extent. 

490. Acid stream conditions caused by copper and iron mining, and 
manufacturing activities, were observed in the vicinity of Copperhi) 
Tenn., on the Ocoee River. Three samples taken at each of 3 statioD® 
in February 1941 showed average pH values of 4.1, 4.9, and 5.) 
respectively. é 

491. Laboratory results for 8 sampling days during the period SeP; 
tember 1940 to March 1941 showed the dissolved oxygen content and 
biochemical oxygen demand of the Tennessee River at the mouth © — 
be consistently less than that of the Ohio River above their junctio™ 
phi bacteria counts were low at both stations on all sampl 

ates. 

492. Plates 47, 48, and 49 include data on sources of pollution, and | 
on coliform bacteria and dissolved oxygen results for the Tenness 
River Basin. 

493. Methods of pollution control.—Pollution problems of more that 
local consequence in the Tennessee River Basin are primarily the res 
‘of industrial wastes. Primary treatment of sewage and equivale? 
treatment of industrial wastes should be sufficient to restore desira!? 
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Stream conditions on the main river. ‘ Secondary and supplemental 
Sewage treatment is indicated at numerous waste sources on smaller 
tributaries. Industrial waste treatment is needed to remedy gross 
Pollution of the French Broad and Pigeon Rivers, and to eliminate 
pra pollution problems on the Holston, Little Tennessee, Clinch, 
and Hiwassee Rivers. . 

, 494. The cost of a suggested program of pollution control is shown 
in the following table. The program would eliminate local nuisance 
Conditions, improve streams for use as public water supplies, and 
Cae and improve headwater tributary streams for recreational 

urposes. 


Suggested program of pollution control for the Tennessee River .Basin—Economic 


aspects 
Suggested pollution control Population Estimated cost 
9 A$ SS beggar i fel aca. OA SS PT aS 
Annual 
Type Nore PN lst BB Design | Capital | Opere- | Amorti- 


tion and! zation 
mainte- | and Total 
nance | interest 


epmeemeecraes AS) APS he hee? meh eee COOMA AA (SONA B A CAE ANT, Ae Ee se 
Municipal 
treatment: 

Timary_.__...____.... 64 | 373, 400 | 491,000 | 670, 000 |$4, 650, 000 | $245,000 | $325,000 | $570, 000 
Seeondary..._________- 37 | 116,000 | 161,500 | 183,700 | 2,580,000} 140,000 | 180,000} 320,000 
Improvements._...__.- 9} 20,700 | 29,000 |......__- 000 | 10,000 | 15, 000 25, 

Subtotal._._..--.-.-- 110 | 510,100 | 681, 500 |_...----- 7,420,000 | 395,000 | 520,000} 915, 000 

Trqncebtors. o-oo. ED eee ie Are agg ig ie 15, 450, 000 (1) 725,000 | 725, 000 
Ming wal treatment... -_- ed I URGE, RE Te ee 1,610,000 | 190,000 | 205,000 | 395, 000 
ei. co N) A on tele Lil at. 2 ; 11, 000 4, 000 15, 000 
emails — Ss tA EER FUE Og Th Re 24, 580,000 | 596, 000 |1, 454, 000 | 2, 050, 000 
Emergency allowance, 20 ? ” ’ 
RE Oe aan 4,000 |... Un at. cabo 
GEES Pee En | RES RRR: POTTY 26600, 00081 > <n sss ch accacckT lecgatunl to 
Retest fell AR ae So kee ele ced Lee oe A ee 


i Negligible. 
3 7UCludes such items as minor corrections, process changes, sewer construction, treatment plants, etc. 
* Retin oer am contemplates sealing of 10,770 ton-years of acid. 

mated additional cost of program if provided during present emergency period. 


AppENDIx T 


OHIO RIVER BASIN 
(Direct drainage) 


SUMMARY 
oon General description—The Ohio River drains approximately 
Stain? Square miles, or about one-fifteenth of the area of the United 


Mow” The stream, formed by the junction of the Allegheny and 
Nongahela Rivers at Pittsburgh, Pa., flows 981 river miles to its 
Uence with the Mississippi River at Cairo, Ill., passing through 
artet tion of western Pennsylvania and forming the southern bound- 
Cat ot Ohio, Indiana, and Illinois and the northern boundaries of 
area , Sinia and Kentucky. Plates 3, 6, and 9 include maps of the, 
Comprising minor tributaries and direct Ohio River drainage. 


$0035—43__pt. 110 
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496. The topography of the basin varies from wide valleys with 
gently sloping sides to narrow steep gorges where the river has cut 
through pre-glacial divides. Elevations range from about 250 to about 
690 feet above mean sea level. Principal tributaries of the Ohio 
River in their order downstream from Pittsburgh, Pa., are the Alle- 
gheny, Monongahela, Beaver (right bank), Muskingvm (right bank), 
Little Kanawha (left bank), Hocking (right bank), Kanawha (left 
bank), Guyandot (left bank), Big Sandy (left bank), Scioto (right 
bank), Little Miami (right bank), Licking (left bank), Miami (right 
bank), Kentucky (left bank), Salt (left bank), Green (left bank), 
Wabash (right bank), Cumberland (left bank), and Tennessee (left 
bank) Rivers. These and smaller minor tributaries are discussed 
separately. 

497. Numerous industrial centers situated on the banks of the Ohio 
River include steel plants in the vicinity of Pittsburgh, Pa., and 
Wheeling, W. Va., large paper and meat-packing plants at Cincinnati, 
Ohio, and the tobacco industry at Louisville, Ky. Extensive sand 
and gravel deposits are found along the stream. The river is canalized 
for its entire length and navigation facilities are extensively used. 

498. The urban population of the basin increased considerably be- 
tween 1910 and 1930, but only slightly in the past decade. Most of 
the cities on the Ohio River are relatively old and their rate of growth 
during this century has been less rapid than that of other cities in the 
basin. The present population situated in communities on the main 
Ohio River is about 2,717,187, of which 95 percent is urban. Prin- 
cipal communities and their populations (1940 census) are as follows: 


Pattepureh Pa. 265 eg Ve 671, 659 | Huntington, W. Va__.-___-__- 78, 836 
Candinnati, Ohio... co. u5 2 455, 610| Covington, Ky...-_._---_-_.- 62, 018 
PRMHEV ING eV one none ode ckek 319, 077| Wheeling, W. Va_-_._----___- 61, 099 
Evansville, Ind____.--.----- 97, 062 | 


499. Water uses.—A total of 121 domestic water supplies serve com- 
munities situated on the main Ohio River. Of these, 33 supplies, 
aggregating 172.11 million gallons per day and serving about 1,673,200 
persons, are from surface sources. Thirty surface supplies, aggre- 
gating 170.88 million gallons per day and serving 1,663,000 persons 
are from the Ohio River and are subject to pollution from upstrea® 
sources. Over 1,000,000 persons are served by the 3 largest supplies 
at Cincinnati, Ohio; Louisville, Ky.; and Evansville, Ind. Three sur- 
face supplies aggregating 1.23 million gallons per day and serving 
10,200 persons have been developed from unpolluted sources by Oh10 
River communities. The heavy pollution at many water intakes ne- 
cessitates careful:and complete treatment of the water. All supplie’ 

ken from the Ohio River are coagulated, settled, filtered, and chlo- 
rinated. Two are softened by the lime-soda process. 

500. The river is used for recreation, in spite of excessive pollutio®- 
Boating, bathing, and sport fishing are carried on, and there is somé 
commercial fishing in the lower reaches. One hydroelectric pow 
project has been constructed by private interests at the falls of thé 
Ohio at Louisville, Ky. Numerous reservoir sites on tributary stream 
have been studied with a view toward controlling floods in the Obi? 
River Valley. Industrial water supply is of considerable importance 
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501. Low flow characteristics at three stations on the Ohio River. 


are as follows: 


Ea See Sete SCO My eres Sa PeNe NT ae eed tee) RARE ne kat: Sesto er SS en Te ate! 

Bipintions. 63 so 2 eS ok eo Saat ra Pittsburgh, Cincinnati, Louisville, 

Dra: ( miles) 14) 00 7570 on 00 
inage area (square miles)_.........-.-.-------------- ,000 i ; 

Period Sonsilered eo ET Rig cag RR ce ee 1923-40 1920-40 1928-40 

1S EN ere 2 Ee RR A RR oS te ce alee eee 8 Sates | Paes th bedi 

June to September discharge (cubic feet per second): 

inimumisingle- month 25h nc an ace 1,300 4, 300 4, 900 

Minimum 4-month average. ._........--..---------- 3, 900 7, 700 11, 000 
0 IG ai al a a eae ae RS ARON Ee DALE Pant gin ik eB 14, 200 48, 200 54, 000 


502. Sources of pollution.—About 2,092,200 persons, or 78 percent 
of the population of the basin, are served by sewers. In addition, 
Sewage from about 640,000 persons in the Pittsburgh area enters the 
Ower Allegheny and Monongahela Rivers just above their confluence 
at the head of the Ohio River, and sewage from about 78,000 persons 
in the Cincinnati area enters the Little Miami River near its mouth. 
Industrial wastes, after application of various corrective measures 
how employed, contribute a net population equivalent, based on 

lochemical oxygen demand, of about 2,400,000 to the Ohio River, 
about 415,000 to the Allegheny and Monongahela Rivers near their 
Junction at Pittsburgh, and about 50,000 to the Little Miami River 
Near its mouth at Cincinnati. None of these wastes receive further 
treatment in municipal plants. More than 80 percent of the organic 
Mdustrial waste load is discharged from the Cincinnati area and 
a, the largest concentrations being at Cincinnati and 
uisville. 

503. Four primary and 16 secondary municipal waste treatment 
Plants, in which about $1,080,000 have been invested, serve 6,100 
®nd 16,400 persons respectively, and reduce the population equivalent 
Of organic wastes to about 4,468,400, as discharged. Summarized 
data follow: é 


aste sources: 
Total population (1940 census)-_....-.....---+-..---..----- 2, 717, 187 
Sewered population: 
Connected to municipal treatment__.-_..---.-- 22, 500 
Not connected to municipal treatment -----_---- 2, 069, 700 pret 
Industrial wastes (population equivalent after appli- 
cation of independent corrective measures now in 
force but prior to other treatment) : 
Connected to municipal treatment_-..-.------- 0 
Not connected to municipal treat- 
ment: ‘ 
Brewint: oe. ct in) Cl teu de tai 103, 200 
Byproduct coke .....-.------- 234, 000 
COIN lain ce octbe eta s » Sit ateee 42, 500 
Chemical (54-4) Ba NU ie 67, 300 
Distilling ys civ dvet baecibts 33103 588, 700 
Meat Food ctrl cet ings PE e's 118, 200 
15 Sa Rae Raph cas See 16, 900 
a Penman sce eae eee 46, 100 
Paper Oe eke RUS BU ees 19, 900 
Dekining i 0a. ws ot. see sues 21, 600 
SOSUGt SS wiles online 44, 400 
Miscellaneous. 4. . ~~... -----<.<= 31, 800 
Industrial wastes to Cincinnati 
eowere Se ee ee 1, 057, 400 
2, 392, 000 
2, 392, 000 
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Wastes as discharged: rat 
Human wastes (sewered) (population equivalent after . 
all present treatment) : 


Connected to municipal treatment__-...------- 6, 700 
Not connected to municipal treatment-_--_------ 2, 069, 700 ca 
Industrial wastes (population equivalent after all a6 te 
present treatment) : 
Connected to municipal treatment__----------- 
Not connected to municipal treatment-_----_--- 2, 392, 000 
————— 2, 392, 000 
Total waste residual (population equivalent) _........--- 4, 468, 400 


Notr.—Single industries of a specific classification are included within the miscellaneous classification. 


504. Extent of pollution —During the period from February 1939 
to March 1941 the Public Health Service collected and analyzed more 
than 3,420 water samples from over 90 stream stations on the Ohio 
River. In general, sampling in the middle reaches of the stream from 
Point Pleasant, W. Va., 265 river miles below Pittsburgh, Pa., to 
lock and dam No. 39 above Carrollton, Ky., 503 river miles below 
Pittsburgh, Pa., was carried on from. February 1939 to April 1940, 
while samples in the upper and lower reaches were collected during 
the period May 1940 to March 1941. The extent of pollution indi- 
cated by the analytical results is as follows: ; 

505. Pittsburgh to Huntington: Dissolved oxygen conditions in 
this reach of the river were generally good at the time of sampling; 
the large majority of samples having oxygen demands of less than 3 
parts per million and dissolved oxygen contents of more than 6.5 
parts per million. However, there were present relatively high con- 
centrations of coliform bacteria, counts in excess of 200 per milliliter 
being recorded at times at all stations except the three just above 
Huntington, W. Va. The heaviest pollution was observed below 
Pittsburgh, Pa., Wheeling, W. Va., and Parkersburg, W. Va., while 
evidence of natural purification was observed in the 53-mile reach 
between dam No. 14 below Moundsville, W. Va., and dam No. 17 
above Marictta, Ohio, and in the 70 miles between dam No. 23 
ner Parkersburg, W. Va., and dam No. 27 above Huntington, 

a 


506. Acid stream conditions were observed as far downstream a9 


dam No. 17 above Marietta, Ohio, during periods of low discharge: | 


The range of pH values was from 4.7 to 6.5. 
507. Phenols in excess of 1 part per billion were observed in samples 
below East Liverpool, Ohio; Steubenville, Ohio; and Wheeling: 


W. Va.; while concentrations of from 2 to 8 parts per billion wer? | 
observed at dam No. 14 and dam No. 15 below Moundsville, W. Vas _ 


and dam No. 22 and dam No. 23 below Parkersburg, W. Va. 

508. Huntington to Louisville: Dissolved oxygen conditions wet? 
generally good in the reach from Huntington, W. Va., to Cincinnat)y 
Ohio. Oxygen demands averaged about 1.0 parts per milion aD 
rarely exceeded 2.0 parts per million in this reach. Below Cinci®” 
nati, Ohio, decreases in dissolved oxygen content were observe 
including minimum monthly average values of 3.8 to 5.4 parts Pp 
million. The dissolved oxygen content of individual samples aP” 
proached zero. Oxygen demand results below Cincinnati, Ohio, we! 
generally less than 3.0 parts per million, although very high value 
were observed in the immediate vicinity of Cincinnati sewer outlet™ 


—— 
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The dissolved oxygen content of the stream increased between dam 
No. 39 and Louisville, Ky., with a slight depression at Madison, Ind. 

509. The major problem in the Huntington-Portsmouth reach is 
One of high bacterial pollution, mainly of local origin, affecting the 
quality of raw water used for public supplies. Coliform bacteria counts 
m excess of 200 per milliliter were observed in 21 percent of the 


Samples above Ashland, Ky., 26 percent of the samples above Ironton, . 


io, and 6 percent of the samples above Cincinnati. A zone of self- 
purification between Portsmouth and dam No. 36 above Cincinnati 
Was apparent during low-flow periods. Below Cincinnati, coliform 
averages were from 2,000 to 60,000 per milliliter during periods of low 

ow. An increase in coliform counts was also observed below Madison, 
Ind., and was especially marked during the summer months. 

510. Phenols in excess of 1 part per billion were recorded at dam 
No. 27 and dam No. 28, above and below Huntington, respectivel 
and at dam No. 30 and dam No. 31, above and below Porteniowil 
Tespectively. | 

511. Louisville to mouth: The zones of most severe pollution in 
the lower river were found immediately below Louisville, Ky., and in 
the Evansville, Ind.-Henderson, Ky., area. Lesser sources of pollu- 
tion are Owensboro, Ky.; Paducah, Ky.; and Cairo, Ill. At the time 
of sampling, dissolved oxygen conditions throughout the section were 
800d, even below the larger communities. Except for a slight lessen- 
ng of dissolved oxygen content below Louisville, which was noted in 

Ugust and October samples, dissolved oxygen remained near or 
®Dove saturation levels. Oxygen demands were below 3 parts per 
hi on for the most part. Coliform bacteria results reached theiz 
reboot, AVerages in the 10-mile reach below Louisville, and were 

atively high below Owensboro, Evansville, and Cairo. Marked 
®vidence of self-purification was indicated in the reach between 
Oulsville and Evansville, and little evidence of pollution was found 
™M the extreme lower portion of the river. 

512. Methods of pollution control—The most important. problem 
ined by pollution in the Ohio River is the unduly heavy bacterial 
th ing imposed on the community water purification plants alon 
} © stream. Other problems are taste and odor difficulties, genera 
“ssening of recreational values, occasional destruction of fish life, 
th nuisance conditions due to discoloration and floating matter in 
site a aman and to occasional oxygen depletion below the largest 
Ro. Primary treatment of all wastes discharged to the Ohio 
paver Is suggested. In addition, continuous chlorination of the treat- 
oa Plant effluents at all of the larger municipalities and at any of 
int, Smaller ones whose sewage appreciably affects downstream water 
Pro €s, would aid in reducing bacterial loadings at these intakes. 
Shas for the addition of coagulants during critical periods should 
vid es made at Pittsburgh and Cincinnati. Low flow control pro- 
mor, above Pittsburgh and Cincinnati might eliminate the need for 
Critieot 22 Primary treatment at these cities. Pittsburgh is the 
-, cal location with respect to low flow control, since storage pro- 
acid above that community in quantity sufficient for organic and 
eats control would be more than ample at downstream localities. 
to ;,.: +Teatment of organic industrial wastes to a degree equivalent 
Primary sewage treatment should be sufficient, and could be 


’ 
? 
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accomplished in municipal treatment plants, except at industrial 
establishments whose wastes cause tastes and odors in public water 
supplies. In the latter instances, special attention should be given. 
Acid wastes from steel mills should be neutralized, at least during 
periods when/their contribution to the acid load on the stream is 
significant. Control of acid mine drainage on tributary streams 
would insure satisfactory conditions on the Ohio River. 

515. The cost of a suggested program of pollution control on the 
main Ohio River is summarized in the following table. Such a pro- 
gram would reduce bacterial loadings, reduce taste and odor troubles 
in public water supplies, and eliminate nuisance conditions below 
large sources of pollution. Recreational values would also be en- 
hanced by the improved appearance and quality of the river water, 
and by the growth of fish life in the stream. 


Suggested program of pollution control for the main Ohio River Basin—Economic 


aspects 
Suggested pollution control : 
mrieasures Population Estimated cost 
Annual 
Num-| Now 1940 : 
Type ber tsewered | <tenaus Design | Capital | Opera- | Amorti- 


tion andj zation 
mainte- and Total 
nance | interest 


Municipal treatment: Pri- 


mary (subtotal)_.....--- 111]2, 018, 500/2, 170, 000|4, 253, 700) $27, 560, 000| $1, 765, 000/$1, 940, 000| $3, 705, 000 
PT 2 Cc | ae Pear a, Mapes VA Tel OR A benaieeS yee econ 40, 350, 000 (1) 1, 890, 000} 1, 890, 000 
Industrial treatment____._- Oy. foe | ee cs odecacas 3,120,000] 705,000} 410, 000) 1, 115, 000 
pA TUTE TOS Ut a panei n peed pumas Fre Seaepaiaal Eee yes hen Pee a (3) > (3) (3) (3) 

Bmore od! ble ee ol ee eee an oe LL 71, 030, 000| 2, 470, 000} 4, 240, 000} 6, 710, 000 
Emergency allowance, 20 

BPGROCDU Se Sees dasdi uae ddl Uadaaklentlverte acces Sele sewn oboe 14 210; OOOR 22, cot ede) lL Soo 

eee eee een ee ee ee ee ee 

7 Mla 17h irae Aig eae £8) ea ae | a tye el Fl, ea, cs pee EF OU 200) LE on cdaadvad sncdibceces|boanpaceell 


1 Negligible. 

2 Includes such items as minor corrections, process changes, sewer construction, treatment plants, ete. 
3 Costs for ‘‘main’’ Ohio River Basin included with those for minor tributary basins. 

4 Estimated additional cost of program if provided during present emergency period. 


Apprnpix U 
MINOR TRIBUTARY BASINS 
SUMMARY 


516. General description—Minor tributaries of the Ohio Rivet 
drain about 23,780 square miles, or approximately 12 percent of th® 
area of the Ohio River Valley. Most of the area drained by thes? 
streams is hilly. Agriculture is the predominant occupation, bub 
there are also important coal-mining areas in Pennsylvania, in th@ 
West Virginia panhandle and adjacent parts of Ohio, and in tb 
Saline and Tradewater River Basins. There is very little othe 
industrial development. The principal minor tributaries togethe? 


with their drainage areas are as follows: 


2 


se 


; 
| 
: 


OHIO RIVER POLLUTION CONTROL 143 
RS eS SE PAE SP Le SN Srnec ne RL SR Esc re SEA Ly RRS ate ws LEE 


Point of con- 
‘Ohio River . | Drai 
o River rainage area 
Tributary (miles above | (square miles) 
mouth of Ohio 
River) 
ie oe eee a A le Be ed ae ae ee ee 
Cache R 
Ue RU! bee adhe ateling es Cote epiehine pare patty aa wate 5G Saami toh 6.3 720 
grdewater Rivers KY ea AS bad coabscdateecc des ee 107.6 995 
B} LS Eo TRS 0 | Reena Rw at Sehr AO ORE epg 5 oo TD NEh RES ee te 113.7 1, 235 
Be iver ThA ¢y5 60h oa on ace ancutieaaphairtasbe restore 318.1 466 
Seah, SII oo 2 Scobie etl nae sensi Ma are eyed 593.0 435 
Ruuedendy River Ky. -- 2 soc. cecvccnsceeddaes basceosevuser 644. 6 780 
Pe: Degekky Wp Wisin. 8k echt a ee eS 667.7 441 
BIER Dteck, O10. 5... asnikinrnre ocatigs= Sorat gentensebpabteliven 704. 9 684 
Li muir Eildnd Creek, W.VA. 6. no o06. cee $27.0 685 
Beaver River; Ohio-Pas fie Te Re 941.5 510 


re gs ary Fs SN ni ee te SR Ae TL Oe Ss oe 
qeneral maps of the minor tributary basins are shown on plates 3, 6, 
9. 


517. The minor tributaries are not navigated commercially and 
there are no hydroelectric developments in their basins. Urban 
POpulation has nearly doubled since 1910, while rural population has 
Creased somewhat in the past decade. The present total population 
°f the minor tributary basins is about 1,385,200 of which only. 9 
Percent is urban. Principal communities and their populations (1940 
®ensus) are as follows: 

Ree tase V0. i REPOS Save bie) sp en aS a ae etc gs eee 


Community Population Basin 

+) NSIT ie aa ih re ee at ne ke et wants eed accaiesae gee gt tase iB etp ts Pats UAE A 
Cashington, PB. nenennneostnennsinenncenstnsenentecnnantnntnsn 26,168 | Chartiers Creek. 
§ (ES a Pas ee oe (ORS AS 0. 
Bam ETE SSE A EE Cg OR RS Ae 12,301 | Little Beaver River. 
Wells A JSS ee DIG ETE Spe OAs 11, 453 | Saline River. 
Rast Meanie ls... 55. ncn bh garauae cent Least ee 5, 537 | Raccoon Creek. 
Bat? SEGUNG OMG Ley ALU satis Seat as mee AN pee ee 5,123 | Little Beaver River. 

SE EERE Sears CO AGRI TRaET aaER 5,002 | Captina Creek. 


trp’: Water uses.—There are 94 public water supplies in the minor 
.Utary basins of the Ohio River of which 44, aggregating about 9.45 
Sonn gallons per day and serving 132,600 persons, are from surface 
sence: About 19 percent of the population using surface supplies is 
fall. ed nA 9 supplies subject to pollution from community sewer out- 
ch] 8S. All of these supplies are coagulated, settled, filtered, and 
rinated, and 2 supplies are lime soda softened. 
" any of the streams, nrnigsacns those which are relatively 
Opolluted and which are readily accessible to residents of the larger 
"eM River cities, are used extensively for recreation. Industrial 
°t Supply is not a major problem. 
dias... Sources of pollution.—About 167,800 persons, or 12 percent of 
arg Population of the minor tributary basins of the Ohio River Valley, 
ee: by sewers. Industrial wastes, after application of various 
ctive measures now employed, contribute an additional net 
manjotion equivalent of 31,200 (based on biochemical oxygen de- 
in m ), of which 900, or about 3 percent, receives further treatment 
from, cipal plants. About 96 percent of the industrial wastes are 
Sal] wBeries and meat-packing plants, most of which are located on 
Tecejy Streams in Indiana. Of the 24 plants whose wastes do not 
Meas © municipal treatment, 16 have taken at least minor corrective 
im tS toward reducing their pollution of the streams. _ Twelve 
and 30 secondary municipal waste-treatment plants, in which 
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about $3,800,000 have been invested, serve 13,900 and 96,400 persons, 
respectively, and reduce the combined population equivalent of do- 
mestic and industrial wastes to about 110,900, as discharged. 
Summarized data follow: 


Waste sources: 


Total population (1940. censuas).2 3.626 ies 2. Sl ek ee 1, 385, 202 
—————— 
Sewered population: 
Connected to municipal treatment_-__.-...------ 110, 300 
Not connected to municipal treatment----_------ 57, 500 7, 300 
Industrial wastes (population equivalent after applica- 
tion of independent corrective measures now in force 
but prior to other treatment) : 
Connected to municipal treatment__----.------- 900 
Not connected to municipal treatment: 
ARTI Ue Stee Wie hen waned 13, 300 
TO rk gn eS de ae 16, 700 
PL CRA Rn: RE a Bika etn Magi fn alae 
? 0 
, 200 
Total (population equivalent) _...------------.----- 199, 000 
/ ————————d 


Wastes as discharged: ; 
Human wastes (sewered) (population equivalent after 
all present treatment): 


Connected to municipal treatment__------------ 23, 000 
Not connected to municipal treatment---__--__- 57, 500 — 
Industrial wastes (population equivalent after all 
present treatment): . 
Connected to municipal treatment_____-_.-_---- 100 
Not connected to municipal treatment________-- 30, 300 
oR 
in ae 
Total waste residual (population equivalent) _......._---- 110, 900 


Nore.—Single industries of a specific classification are included within the miscellancous classification. 


521. Acid mine drainage is the most damaging pollutant to which 
the minor tributaries of the Ohio River are subjected. This wasté 
adversely affects streams in the upper part of the basin, particularlY 
above Marietta, Ohio, and in the Saline and Tradewater River Basip§ 
in the lower part of the Ohio River Valley. Mine sealing has reduce 
the original acid load by about 23 percent, leaving a present load 0 
about 176,500 tons per year (calcium carbonate equivalent). 

522. Extent of pollution.—During the period from February 1939 t? 
March 1941 the Public Health Service collected and analyzed mor 
than 1,000 samples from 125 stations in the minor tributary basins: 
Sampling was done concurrently with work on adjacent sections of th? 
main Ohio River. Streams in the middle reaches of the basin wef? 
sampled from February 1939 to April 1940 and those in the upp& 
and lower reaches were sampled from May 1940 to March 1941. 

523. Pittsburgh to Huntington.—Oxygen conditions were generall¥ 
rood except on Chartiers Creek below Washington, and Canonsburg 

a., and on some of the very small tributaries. Coliform bacter!® 
counts were generally high as on the main stream. A numb 
of the minor tributaries in this area were heavily acid. 

524. Huntington to Louisville—Oxygen conditions were generall¥ 
good throughout the region with dissolved oxygen results above 6.9 
parts per million and biochemical oxygen demand results below 
parts per million. Moderately high coliform bacteria counts were 


OHIO RIVER POLLUTION CONTROL 145 


found below small sources of pollution on tributaries between Hunting- 
ton, W. Va., and Cincinnati, Ohio, and local pollution was evidenced 
On Laughery Creek at Batesville, Ind., Hogan Creek at Aurora, 
eae Creek at La Grange, Ky., and Goose Creek at. Anchor- 
age, Ky. P 

525. Louisville to Mouth—The minor tributaries in this section 
Were in good sanitary condition, except in the Saline and Tradewater 

iver basins, where local pollution was observed at several points. 

w dissolved oxygen content, high biochemical oxygen demand, 
and high coliform bacteria counts were found below Eldorado and 
Harrisburg, Ill., in the Saline River Basin. Several tributaries of 
the Saline River were found to be acid, with pH values ranging from 
2.8 to 4.3. In the Tradewater River basin, local pollution was 
Observed at Dawson Springs, Sturgis, and Providence, Ky., and acid 
Conditions were found at Providence and Earlington, Ky., with pH 
Values ranging from 3.3 to 5.7. 

526. Plates 3, 4, 5, 6, 7, 8, 9, 10, and 11 include data on sources 
of pollution, and on coliform bacteria and dissolved oxygen results for 
the minor tributary basins. ; 

527. Methods oan control.—Pollution problems on minor 

butaries of the Ohio River are predominately local in nature and 
are concerned primarily with prevention or correction of nuisance 
Conditions in small streams subject to extremely low flows. The 
Ow flows to which the streams are subject make secondary waste 

eatment necessary in most cases. Continuation of the mine-sealing 
Program would aid in reducing the mine acid load on the streams. 
. 528. The cost of a suggested program of pollution control is shown 
in the following table. The program would eliminate local nuisance, 
prove streams for use as public water supplies, and preserve and 
*nhance recreational facilities. 


Suggested program of pollution control for the minor tributary basins—economic 


aspects 
ee a tee 2s en ee is ae, ee ee ee 
Suggested pollution control 
measures Population Estimated cost 
Annual 
Num-| Now 1940 
Type Design | Capital | Opera- | Amorti- 
= ber | sewered us . tion and| zation Total 
mainte- and 
ms nance | interest 
SR ER See Ce ieee eel) eer eee mentor Mc Pin (Wi ie eS) Pein cae | ely 2S) 
Municipal treatment: 
| SIRES 17 | 73,600 | 45,400 | 50,300 | $520,000 | $27,000 | $37,000 | $64,000 
Secondary__...-..---_- 23 | 22/800] 39,800! 45,000) 830,000} 40,000] 58,000 98, 000 
Improvements___....-. B 4 S.000 |e F400 fein c con 70,000} 3,000} 5,000 8, 000 
OTe 45 | 100, 300 ee pee ee 1,420,000 | 70,000 | 100,000.) 170,000 
Iuterceptors. 2722227). eae in aig OM 890,000 | (i) 40, 000 | 40, 000 
Ming tial treatment_..--- Jp SOAR eS A 280,000 | 40,000} 35,000 | —_ 75, 000 
i211 1 i a tgp Pelee RST PR age iy Ve TS 4 480,000 | 452,000 | 420,000] 472,000 
DES De ES ER Se TES 3,070,000 | 162,000 | 195,000 | 357, 000 
€tgency allowance, 20 
Sore cheeycagabaet Sea Ray Ane UES ape feseeaeer HOC. ae ee 
SS ei PS RE, See anaes PRR es & 600:000.)2 0S. te ee ee 
ECR aa EN NEE ea Siar eens kee Py bese) eet lees is Se 


TN 
ligible. 
2 f 
: cludes such items as minor corrections, process changes, sewer construction, treatment plants, etc. 
4 red tributary and “main” Ohio River basins combined. 
a zitial contemplates sealing of 77,756 ton-years of acid. See note 3. 
additional cost of program if provided during present emergency period. 
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